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INTRODUCTION  EXPLANATORY. 

At  the  meeting  of  the  "American  AssociationJfor  the  Advancement  of 
Science,"  held  in  Montreal,  in  August,  1857,  a  resolution  was  adopted,  upon 
the  recommendation  of  the  Section  on  Physics,  constituting  the  gentlemen 
immediately  hereinafter  named  a  committee  to  inquire  and  report  on  the 
Coast  Survey  of  the  United  States : 

1.  JUDGE  J.  K.  KANE,  President  Amer.  Phil.  Society,  Penna 

2.  GEN'L  JOSEPH  G.  TQTTEN,  Chief  Engineer  U.  S.  A. 

3.  PROP.  BENJAMIN  PEIRCE,  Harvard  College,  Mass. 

4.  PROF.  JOHN  TORREY,  U.  S.  Assay  Office,  N.  Y. 

5.  PROF.  JOSEPH  HENRY,  Sec'y  Smithsonian  Institute,  D.  C. 

6.  PROF.  J.  F.  FRAZER,  University  of  Pennsylvania,  Penna. 

7.  PROF.  WM.  CHAUVENET,  U.  S.  Naval  Academy,  Md. 

8.  PRESrT  F.  A.  P.  BARNARD,  University  of  Mississippi,  Miss. 

9.  PROF.  JOHN  LECONTE,  College  of  South  Carolina,  S.  C. 

10.  PROF.  WM.  M.  GILLESPIE,  Union  College,  N.  Y. 

11.  PROF.  F.  H.  SMITH,  University  of  Virginia,  Ya. 

12.  PROF.  W.  H.  C.  BARTLETT,  U.  S.  Military  Academy,  N.  Y. 

13.  PROF.  WOLCOTT  GIBBS,  Free  Academy,  N.  Y. 

14.  PROF.  STEPHEN  ALEXANDER.  College  of  New  Jersey,  N.  J. 

15.  PROF.  LEWIS  R.  GIBBES,  Charleston  College,  S.  C. 

16.  PROF.  JOSEPH  WINLOCK,  Sup't.  Am.  Naut.  Aim.,  Ky. 

17.  PROF.  JAMES  PHILLIPS,  University  of  North  Carolina,  N.  C. 

18.  PROF.  WM.  FERREL,  Nashville,  Tenn. 

19.  PROF.  EDWARD  HITCHCOCK,  Amherst  College.  Mass. 

20.  PROF.  JAMES  D.  DANA,  Yale  College,  Conn. 

Upon  receiving  notice  of  this  action  by  the  Association,  the  chairman 
addressed  a  circular  to  his  associates  of  the  committee,  in  the  following 
form  : 

SIR, 

I  beg  leave  to  transmit  to  you  the  copy  of  a  Resolution  adopted  by  the 
American  Association  at  its  last  Meeting,  and  to  invite  your  fed  vice  and  guidance  in  the 
preparation  of  an  appropriate  Report  to  that  body. 

I  have  supposed  that  the  several  topics,  which  such  a  Report  should  embrace,  may  fitly 
arrange  themselves  under  the  following  heads : 

1.  The  character  and  primary  objects  of  a  Geodetic  and  Bydrographical  Survey. 

2.  The  action  of  other  Governments  in  regai^to  such  Surveys  of  their  Territory  and 
Coast. 

3.  The  former  organization  of  the  Coast  Survey  of  the  United  States — its  progress  and 
results  up  to  the  year  1 844. 

4.  The  Modifications  our  Coast  Survey  has  undergone  since— its  expansion — the  novel 
and  improved  methods  and  appliances  of  which  the  present  Superintendent  has  availed  him- 
self, and  the  collateral  researches  which  these  have  favored. 

5.  Its  results  up  to  the  present  time,  general  and  particular — Their  bearing :  First,  On 
navigation — facilitating  the  determination  by  the  navigator  of  his  position,  by  reference  to 


4 


INTRODUCTION  EXPLANATORY. 


soundings,  tides,  currents  and  landmarks —indicating  perils  and  positions  of  refuge— discover- 
ing and  defining  channels,  and  noting  the  changes  they  have  undergone— and  fixing  the 
proper  sites  for  light-houses  and  beacons  :  Second,  On  the  protection  of  the  coast— suggesting 
the  localities  for  forts,  docks,  magazines,  etc.  :  Third,  On  the  geodetic  surveys  which  may  be 
proposed  by  the  several  States —facilitating  them  by  furnishing  a  chain  of  base  lines  and 
determining  the  absolute  position  of  points:  Fourth,  On  great  works  of  communication— in 
the  discussion  of  traces  and  gradients. 

6.  The  judgments  which  have  been  expressed  by  scientific  men  in  other  countries  and 
our  own,  as  to  the  value  of  the  work  and  the  efficiency  of  those  who  have  it  in  charge. 

While  soliciting  from  you,  however,  such  contributions  as  your  leisure  may  permit, 
under  any  of  these  heads,  I  would  not  be  understood  as  desiring  to  circumscribe  the  range  of 
your  communications,  nor  indeed  as  defining  the  subjects  which  should  enter  into  the  Report. 
It  will  be  my  object,  unless  otherwise  instructed  by  the  Committee,  to  submit  to  the  Associa- 
tion, and  through  it  to  the  community,  a  popular  view  of  the  objects  and  course  of  the  Survey, 
and  of  the  influence  it  is  exerting,  and  may  continue  to  exert,  on  different  interests  of  the 
country  ;  but  in  regard  to  this,  as  to  all  other  points,  I  shall  be  happy  to  avail  myself  of  your 
suggestions.  It  will  be  for  you  to  determine  how  far  they  shall  be  incorporated  in  the  general 
report,  or  whether  they  shall  be  recognized  as  proceeding  from  yourself. 

I  may  be  excused  for  adding,  in  conclusion,  that  I  shall  esteem  it  a  great  personal  favor,  if 
you  will  allow  me  to  be  assured  of  your  cooperation  at  an  early  day. 

I  am,  Sir,  with  very  great  respect, 

Your  obedient  servant, 

J.  K.  KANE. 

To  this  circular  the  members  of  the  committee  replied  very  generally, 
some  of  them  at  large ;  and  the  chairman  had  already  made  some  progress 
in  the  analysis  of  their  contributions,  and  in  arranging  these,  and  the  other 
materials  gathered  for  his  report,  into  an  available  shape,  when  his  labors 
were  arrested  by  his  lamented  death —  an  event  at  once  calamitous  to  his 
country  and  to  science,  which,  to  the  great  grief  of  his  associates,  took  place 
on  the  twenty-first  of  February,  1858. 

At  the  meeting  of  the  Association,  held  in  Baltimore,  in  April,  1858, 
the  papers  of  Judge  Kane,  relating  to  this  subject,  were  exhibited  to  the 
members  of  the  committee  then  present.  As  chairman  in  his  place,  Pres- 
ident F.  A.  P.  Barnard,  of  the  University  of  Mississippi,  was  appointed; 
and  it  was  agreed  that  the  publication  of  the  report  ought  to  be  made  as 
soon  as  possible  after  its  completion. 

The  new  chairman  not  being  in  attendance  at  Baltimore,  there  occurred 
an  unavoidable  interval  of  some  duration  between  the  adjournment  of  the 
Association  and  the  transfer  of  the  papers  to  him.  Since  obtaining  posses- 
sion of  them,  however,  he  has  been  as  expeditious  in  turning  them  to 
use  as  circumstances  would  allow,  following  in  general  the  arrangement  of 
topics  laid  down  in  the  letter  of  Judge  Kane,  cited  above ;  and  now,  in 
concluding  his  labor,  he  feels  constrained  to  express  his  unfeigned  regret  that 
it  had  not  been  permitted  to  the  abler  hands  to  which  the  task  was  orig- 
inally assigned,  to  execute  the  work  which  they  had  so  judiciously  planned. 

To  those  of  his  associates  on  the  committee,  whose  contributions  relat- 
ing to  subjects  embraced  in  the  report  communicated  to  the  former  chair- 
man have  passed  into  his  possession,  he  begs  leave  here  to  tender  his  thanks 
for  the  valuable  aid  which  they  have  afforded  him. 

University  of  Mississippi,  Oxfoed,  Nov.  2,  1858. 
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CHARACTER  AND  PRIMARY  OBJECTS  OF  A  GEODETIC  AND  HYDROGRAPHIC 

SURVEY. 

To  an  industrious  and  enterprising  people,  zealously  engaged  in  culti- 
vating the  arts  of  civilized  life,  and  occupying  a  territory  bordered  to  any 
considerable  extent  by  the  ocean,  a  correct  acquaintance  with  the  physical 
features  which  mark  their  marine  boundary  is  a  matter  of  such  moment, 
that  we  may  properly  regard  it  as  a  kind  of  economical  necessity.  To  such 
a  people,  the  ocean  is  the  great  outlet  of  production,  and  the  highway  over 
which  are  perpetually  flowing  back  upon  them  the  products  of  other  lands. 
Without  an  exchange  of  commodities  constantly  in  this  manner  going  for- 
ward between  different  and  distant  nations,  it  is  impossible  that  the  industry 
of  any  people  should  be  stimulated  to  an  efficiency  in  any  degree  commen- 
surate with  its  capacities  :  it  is  impossible  that  its  inventive  genius  should 
be  awakened,  or  its  artistic  skill  developed,  or  its  dormant  nat  ural  resources 
evoked  from  their  slumber,  or,  in  a  word,  its  powers  of  production  generally 
brought  into  exercise  in  so  effectual  a  manner  as  to  promote  most  success- 
fully an.d  satisfactorily  its  advancement  in  the  road  to  national  wealth,  or  its 
elevation  in  the  scale  of  national  greatness.  An  isolated  nation,  with  no  natural 
channel  for  the  efflux  of  its  surplus  production,  will  have  little  incitement  to 
produce  after  the  demand  of  its  own  consumption  shall  have  been  satisfied. 
The  arts,  moreover,  among  such  a  people,  unfostered  by  the  encouragement 
of  a  vigorous  demand,  will  make  but  sluggish  progress  in  the  march  of  im- 
provement, and  will  contribute  but  feebly  to  the  multiplication  of  the  com- 
forts or  the  elegancies  of  life,  to  the  growth  of  aesthetic  culture,  or  to  the 
increase  of  the  general  wealth. 
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It  is  true  that  in  a  territory  wide  of  extent,  and  possessed  of  diversified 
resources,  industry  may  find  a  stimulus  in  the  upspringing  of  a  domestic 
commerce.  But  it  is  not  true  that  any  activity  in  the  exchange  of  produc- 
tions at  home  can  diminish  the  importance  of  commerce  with  foreign  nations, 
or  render  it  a  matter  of  trivial  moment  to  any  people  whether  or  not  it 
shall  avail  itself  of  the  natural  advantages  it  may  possess  to  foster  such  a 
commerce.  It  is  accordingly  matter  of  history,  that  every  maritime  people 
that  has  ever,  since  the  days  of  the  Tyrians,  made  itself  conspicuous  among 
the  nations  for  its  intelligence  or  enterprise,  or  has  succeeded  in  securing  to 
itself  a  controlling  position  in  the  affairs  of  the  human  race,  political  or 
social,  has  ever  likewise  found  in  foreign  commerce  one  of  the  most  prolific 
sources  of  its  prosperity,  and  has  been  accustomed  to  keep  a  vast  amount  of 
its  wealth  constantly  afloat  upon  the  waters,  and  exposed  to  all  the  hazards 
which  brood  in  the  bosom  of  the  deep. 

These  hazards  can  never  be  totally  annihilated.  They  will  always  be 
the  occasion  of  a  greater  or  less  amount  ©f  annual  loss.  And  maritime 
commerce,  considered  as  one  of  the  springs  of  national  wealth,  will  always 
be  by  so  much  the  less  productive  as  the  dangers  to  which  it  is  exposed, 
and  the  losses  to  which  it  is  consequently  subject,  are  greater.  Any  expe- 
dients, therefore,  by  which  these  dangers  and  these  losses  may  be  diminished, 
any  improvements,  for  example,  in  the  construction  of  vessels,  or  in  the  art 
of  navigation ;  or  any  additions  to  human  knowledge  in  regard  to  the  laws 
which  govern  the  winds  or  the  waves  in  their  seeming  caprices,  or  in  regard 
to  the  secret  dangers  which  lurk  invisibly  in  the  ocean's  depths,  will  inevi- 
tably in  due  time  be  felt,  in  the  increased  returns  with  which  they  will 
reward  commercial  enterprise,  and  in  the  stimulus  which  they  will  bring  to 
the  growth  of  Commerce  itself.  For  it  is  to  be  observed,  that,  in  the  dimi- 
nution or  annihilation  of  the  hazards  which  attend  any  speculative  adventure 
of  capital,  a  nation  is  profited  not  merely  through  the  immunity  from  loss 
of  each  individual  adventurer,  but,  beyond  that,  through  the  encourage- 
ment held  out  to  other  capital,  unemployed  or  employed  unprofitably,  to 
embark  in  a  productive  channel. 

The  dangers  which  attend  the  mariner  are  various.  Some  of  them 
accompany  him  everywhere,  and  are  capable  of  being  reduced  or  eliminated 
only  by  perfecting  the  science  of  navigation  itself,  by  improving  the  methods 
of  naval  architecture,  and  by  insuring  to  practical  seamen  the  highest  nauti- 
cal skill,  by  providing  for  their  thorough  training  to  their  duties.  Others, 
however,  are  local,  and  arise  not  out  of  the  want  of  skill  or  science  in  the 
navigator,  or  out  of  the  fragility  or  ill-construction  of  his  vessel,  but  simply 
out  of  his  unacquaintance  with  the  natural  features  of  the  sea-bottom  be- 
neath him;  with  the  currents  of  the  surface  on  which  he  floats ;  with  the 
degree  of  proximity  or  distance  of  reefs,  or  shoals,  or  dangerous  shore-lines, 
or  with  the  courses  which  he  should  follow  in  order  to  escape  so  perilous  a 
neighborhood.    Such  local  dangers  are  for  the  most  part  found  in  the 
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vicinity  of  the  land.  Upon  the  high  seas,  indeed,  the  practised  navigator 
dismisses  apprehension ;  and  though,  as  he  leaves  his  port,  he  may  lay  his 
course  with  a  severely  scrupulous  accuracy,  and  trace  his  way  by  buoy  or 
beacon,  or  feel  it  out  with  an  almost  timid  caution  with  the  lead,  yet  no 
sooner  does  he  see  the  blue  water  rolling  beneath  him,  than  he  experiences 
a  sense  of  security  as  complete  as  that  which  the  landsman  feels  in  the  shel- 
ter of  his  quiet  home.  As  he  approaches  the  port  of  his  destination,  his 
anxieties  return,  and  his  vigilance  is  once  more  aroused.  At  this  critical 
period,  ignorance  or  error  may  bring  the  most  prosperous  voyage  to  a  sud- 
den and  fatal  termination.  The  shores  which  mark  the  approaches  to  the 
most  frequented  seaports  of  our  continent,  have  been  a  hundred  times 
strown  with  wrecks  of  vessels  dashed  in  pieces  just  as  the  ill-fated  voyagers 
whom  they  bore  were  congratulating  themselves  that  all  their  dangers  were 
over.  The  wealth  which  has  been  engulfed,  almost  within  sight  of  a  single 
American  port,  can  only  be  told  by  millions ;  and  the  lives  which  have  been 
swallowed  up  along  with  it  present  a  melancholy  total  of  many  thousands. 

Against  the  recurrence  of  disasters  so  calamitous,  no-  absolute  security 
can  ever  be  provided.  But  it  is  obvious  that  their  liability  to  occur  may 
be  very  greatly  reduced,  by  removing,  so  far  as  human  effort  can  remove, 
the  principal  cause  of  their  occurrence,  which  is  simply  want  of  correct 
knowledge  of  the  natural  features  of  the  coast,  as  they  appear  exposed  to 
view,  and  as  they  lie  concealed  beneath  the  waters.  Accordingly- the  gov- 
ernments of  all  maritime  nations  have  earnestly  endeavored,  especially  in 
modern  times,  almost  without  regard  to  the  question  of  expense,  to  secure 
a  faithful  and  minute  delineation  and  description  of  their  entire  ocean 
boundary,  both  as  to  its  visible  outline  and  as  to  the  character  of  the  sound- 
ings which  lead  from  it  into  deep  water.  For  the  purpose  of  obtaining  this 
information  in  the  form  most  severely  exact,  systematic  surveys,  geodesic 
and  hydrographic,  have  been  instituted  and  sustained  for  many  years,  by 
the  principal  commercial  powers  of  Europe  ;  the  results  of  their  operations 
having  been  condensed,  or  being  still  in  process  of  condensation,  into  the 
form  of  elaborate  hydrographic  maps,  or  charts,  for  the  guidance  of  the 
navigator,  and  also'for  the  assistance  of  the  government  itself,  in  selecting 
proper  sites  for  the  lighthouses,  buoys  and  beacons,  which  are  to  mark  the 
available  channels,  or  to  warn  against  hidden  dangers.  Such  a  survey  oi 
our  own  coast,  carried  on  under  the  authority  of  the  Federal  Government, 
has  been  also  for  a  number  of  years  in  progress  ;  and  it  is  in  regard  to  the 
past  history  and  present  condition  of  this  great  public  work  that  the  present 
committee  has  been  appointed  to  inquire  and  report. 

It  is  apparent,  from  what  has  been  said,  that  the  leading  object  directly 
proposed  in  the  conduct  of  the  American  survey,  as  in  that  of  every  other, 
is  to  secure  the  safety  of  the  wealth  hazarded  in  commercial  enterprises,  by 
reducing  to  a  minimum  the  dangers  of  navigation.  But  it  may  by  no 
means  hence  be  justly  inferred  that  the  benefits  of  such  a  survey  are  lim- 
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ited  to  particular  localities,  or  confined  to  particular  classes  or  portions  of 
the  people  ;  that  they  accrue,  for  example,  exclusively  to  the  great  marts 
of  commerce,  or  to  the  individuals  directly  and  personally  concerned  in 
foreign  trade.  To  any  one  who  attentively  considers  the  causes  which  give 
to  property  its  value,  it  will  be  manifest  that  these  benefits  extend  to  every 
citizen,  no  matter  in  what  part  of  the  country  he  may  reside,  provided  that 
he  has  anything  whatever  at  stake  in  the  prosperity  of  the  commonwealth, 
even  though  it  be  no  more  than  the  labor  of  his  own  hands.  The  cotton- 
grower  of  Tennessee,  and  the  tobacco-planter  of  Kentucky,  whose  agricul- 
tural products  seek  a  market  in  the  old  world,  are  no  less  positively  inter- 
ested in  whatever  may  diminish  the  dangers  of  the  seas  than  the  merchant 
Avho,  without  producing  himself,  makes  it  his  business  to  convert  their  pro- 
ductions for  them  into  the  equivalent  values  they  require.  This  remark  is 
one  of  great  importance.  Nothing  in  these  days  is  more  common  than  to 
hoar  the  three  great  departments  of  human  industry — agriculture,  manufac- 
tures and  commerce — spoken  of  as  if  they  were  interests  entirely  independent 
of  each  other,  or  even  absolutely  antagonistic.  Yet,  without  the  produc- 
tions of  agricultural  and  manufacturing  industry,  commerce  would  have  no 
material ;  and  without  the  constant,  and  convenient,  and  rapid  exchanges 
which  commerce  effects,  agriculture  and  manufactures  could  have  no  life. 
Whatever  makes  commerce  easy,  or  diminishes  the  cost  or  the  hazard  of 
its  operations,  encourages  productive  industry  in  every  form,  and  renders  its 
rewards  more  certain  and  more  abundant.  For  the  sake  of  illustration,  let 
for  one  moment,  the  effect,  so  often  illustrated  under  the  eyes  of  the  present 
generation,  be  considered,  of  opening  up  to  public  use  a  new  line  of  commu- 
nication, by  means  of  a  railroad  or  canal.  There  are  thousands  of  farmers 
in  this  country,  who,  immediately  on  the  occurrence  of-  such  an  event,  have 
seen  the  products  of  their  labor  practically  doubled  or  tripled  in  value, 
through  the  consequent  reduction  in  cost,  trouble  and  loss  of  time,  experi- 
enced in  communicating  with  markets.  There  are  exhaustless  deposits  of 
mineral  wealth  in  every  quarter  of  the  country,  which  from  being  absolutely 
valueless,  because  unavailable,  have  become  sources  of  rich  income  to  their 
owners,  simply  in  consequence  of  the  creation  of  such  artificial  channels  of 
transportation.  Now,  as  the  aliment  of  commerce  is  the  surplus  production 
of  the  country,  it  is  self-evident  that,  if  the  ocean  were  to  become  suddenly 
impassable,  this  surplus  production  would  be  to  the  nation  precisely  what 
the  unsalable  produce  of  the  isolated  inland  farm,  and  the  slumbering 
wealth  of  the  inaccessible  mineral  deposits,  are  to  their  individual  owners. 
Since  it  could  find  no  efflux,  it  could  bring  back  no  return.  And  though, 
were  such  a  state  of  things  suddenly  to  supervene  upon  the  arrangements  of 
business  as  they  actually  exist,  the  first  ruin  would  fall,  of  course,  upon  the 
commercial  holders  of  this  surplus  production  ;  yet  it  requires  no  argument 
to  prove  that  the  permanent  suffering  must  fall  ultimately  upon  those  who 
created  this  surplus— must  fall,  in  short,  upon  the  whole  body  of  producers 
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in  the  country ;  and  this,  too,  without  any  regard  to  the  question  whether 
or  not  each  has  contributed  his  distinct  share  to  the  visible  surplus,  or 
whether  only  his  industry  has  been  employed  and  rewarded  by  those  who 
have  actually  done  so.  And  any  conclusion  at  which  we  may  legitimately 
arrive,  in  regard  to  the  effect  upon  the  national  welfare,  of  an  entire  extinction 
of  foreign  commerce,  arbitrarily  supposed  to  occur,  is  measurably  true  also  on 
the  supposition  that  the  same  commerce  is  obstructed  by  impediments  which 
embarrass  its  operations,  but  fall  short  of  its  total  extinction. 

Such  impediments  do  actually  exist  in  the  natural  dangers  of  the  ocean 
border.  The  sea-coast  lies  outstretched,  a  continuous,  unbroken  barrier,  ob- 
structing every  avenue  through  which  it  is  possible  for  the  surplus  production 
of  the  country  to  find  its  efflux  or  receive  its  returns  ;  laying  the  whole  in- 
dustry of  the  nation,  in  every  department,  and  throughout  the  entire  extent 
of  its  territory — in  the  pioneer  settlements  of  the  West  no  less  than  in  the 
busiest  of  the  commercial  entrepots  of  the  Atlantic  seaboard — under  a  per- 
petual and  inexorable  tax.  To  effect  a  reduction  of  this  tax  is  the  present 
business,  as  it  was  the  original  design,  of  the  Coast  Survey ;  and  the  inter- 
ests of  the  States  which  lie  most  deeply  situated  in  the  heart  of  the  continent 
are  not  less  positively  involved  in  the  careful  execution,  and  in  the  prosecu- 
tion to  completion  of  this  great  work,  than  those  of  any  other. 

To  such  as  have  never  attentively  reflected  upon  this  important  subject, 
it  may  not  readily  occur  in  how  great  a  variety  of  modes  the  knowledge 
gathered  in  a  properly  executed  survey  of  the  coast  is  instrumental  in  pre- 
serving the  seaman  from  the  disasters  to  which  he  is  liable.  There  is  no 
difficulty,  indeed,  in  understanding  how,  if  the  practicable  channels  are 
traced  out  and  marked  by  buoys,  and  if  the  natural  landmarks  visible  at  a 
distance  are  accurately  mapped  down,  with  their  bearings  as  observed 
from  point  to  point,  and  if  artificial  beacons  are  erected  on  the  headlands, 
or  on  the  reefs  or  shoals,  a  navigator  with  the  chart  before  him  may  be  able, 
in  clear  weather  and  by  day,  to  pick  his  way  in  safety  by  the  eye  alone. 
There  is  no  difficulty  in  understanding  how  he  may,  even  on  clear  nights, 
be  sufficiently  secure  in  depending  upon  the  guidance  of  the  beacon-lights 
of  which  the  survey  has  fixed  the  most  advantageous  localities.  But  it  is 
not  in  the  broad  light  of  day,  nor  yet  when  the  heavens  are  serene  by  night, 
and  the  landmarks  and  beacons  are  easily  discernible,  that  ocean  disaste  rs 
occur  most  frequently,  or  take  the  navigator  most  usually  by  surprise,  The 
moments  by  far  the  most  perilous  are  those  in  which  the  solitary  voyager  is, 
as  it  were,  walled  out  from  the  world  by  an  impenetrable  barrier  of  mist, 
limiting  the  range  of  his  vision,  in  every  direction,  to  a  distance  often  not 
greater  than  his  own  vessel's  length. 

In  such  a  situation  of  perplexity,  helpless  as  it  may  appear,  the  charts  of 
a  perfect  coast  survey  furnish  a  guaranty  of  safety,  which,  though  it  exacts 
of  the  mariner  a  more  untiring  vigilance,  is  yet  no  less  to  be  relied  on  than 
the  guidance  of  visible  beacons.    The  cast  of  the  lead  in  forms  him  of  the 
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water  beneath  him,  and  of  the  nature  of  the  materials  which  form  the  bot- 
tom encountered  by  the  plummet.  A  few  successive  casts  indicate  to  him 
the  degree  of  inclination  and  the  direction  of  the  slope.  With  these  ele- 
ments to  guide  his  judgment,  he  finds  his  place  upon  the  chart  without  diffi- 
culty, and  traces  the  line  of  his  progress  step  by  step.  And  it  is  the  descrip- 
tion of  information  here  indicated  which  is  most  valuable  of  all  to  sailors, 
since  this  is  the  only  species  which  is  available  when  they  are  in  their 
greatest  peril.  Yet  it  is  obvious,  without  argument,  that  it  is  a  kind  of 
information  which  can  only  be  perfectly  gathered  by  patient,  persevering 
and  long-continued  labor ;  and  which,  in  consequence  of  the  changes  con- 
tinually going  forward  in  the  bed  of  the  sea,  can  only  be  preserved  in  its 
accuracy  and  its  value,  by  frequent  and  careful  revision. 

Another  mode  in  which  a  scrutinizing  examination  of  the  coast  contrib- 
utes to  the  safety  of  navigation  is,  by  the  discovery  of  sheltered  bays  or 
inlets  to  which  vessels  may  resort  in  stress  of  Aveather,  and  where  they  may 
lie  in  safety  till  the  winds  and  waves  recover  their  tranquility.  Such 
harbors  of  refuge,  as  they  have  been  not  unaptly  called,  have  been  found  to 
exist  in  many  parts  of  our  extended  coast,  having  been  quite  unknown  even 
to  the  sailors  who  frequent  most  the  neighboring  seas,  until  the  searching 
operations  of  the  Coast  Survey  had  brought  them  to  light.  Commerce 
having  failed,  for  whatever  causes,  to  appropriate  these  harbors  to  its  uses, 
whether  on  account  of  their  inconvenient  situation  in  reference  to  the  inte- 
rior of  the  country,  or.  on  account  of  the  wildness  or  sterility  of  the  sur- 
rounding territory,  or  simply  for  the  reason  that  their  capabilities  had  been 
overlooked ;  all  the  benefits  which  have  flowed  from  their  discovery,  all  the 
lives  which  they  have  rescued  from  destruction,  and  all  the  wealth  which 
they  have  snatched  from  the  jaws  of  the  deep,  are  undeniably  to  be  passed, 
wholly  and  entirely,  to  the  credit  of  this  great  public  enterprise.  And  were 
it  possible  to  strike  a  balance  between  the  amount  of  outlay,  on  the  one 
hand,  by  Avhich  results  of  such  value  and  importance  have  been  accom- 
plished, and  the  amount  of  material  wealth,  on  the  other,  which  they  have 
redeemed  from  the  waves,  it  would  unquestionably  appear  that  the  sum- 
total  of  all  the  appropriations  which  have  been  made  from  the  public  treas- 
ury for  the  prosecution  of  the  work  from  the  beginning,  have  been  amply 
more  than  overpaid  by  the  benefits  which  have  crowned  some  of  these,  its 
subordinate  and  least  conspicuous  achievements. 

But  though  the  leading  object  contemplated  in  a  survey  of  the  coast  is 
to  provide  for  the  security  of  navigation,  and  thus  to  subserve  the  interests  of 
commerce  and  of  humanity,  still  there  are  other  important  ends  incidentally 
but  at  the  same  time  necessarily  promoted  in  the  conduct  of  its  operations, 
which  are  too  important  to  be  disregarded,  and  which  must  be  taken  into 
the  account,  if  we  would  comprehend  the  full  measure  of  the  benefits  which 
such  a  work  is  capable  of  conferring  upon  mankind.  These  will  be  more  par- 
ticularly exhibited  in  the  detailed  account  which  will  presently  be  given,  of  the 
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results  which  have  been  already  brought  out,  in  the  prosecution  of  our  own 
Coast  Survey.  It  is  sufficient  here  to  state  in  brief,  that  they  embrace  the 
accurate  determination  of  favorable  bases  for  the  institution  of  trigonomet- 
rical inland  surveys,  which  may  lead  to  the  construction  of  scientifically 
exact  maps  of  the  territory  of  the  several  States ;  of  observations  on  the 
phenomena  of  terrestrial  magnetism,  and  the  laws  which  govern  their  varia- 
tions ;  of  investigations  of  the  difficult  problems  connected  with  the  irregu- 
larities of  the  tides  and  of  the  winds;  of  the  exploration  of  the  Gulf 
Stream  and  other  ocean  currents ;  of  the  study  of  the  distribution  of  sub- 
marine deposits  by  these  currents,  and  the  formation  of  such  deposits  near 
the  points  of  discharge  of  the  numerous  rivers  which  intersect  the  coast ; 
of  the  examination  and  settlement  of  questions  relating  to  suspected  or 
probable  changes  of  the  relative  level  of  land  and  sea,  and  other  points  of 
the  highest  interest  to  geological  science ;  of  the  determination  of  the  sites 
most  advantageous  for  the  construction  of  national  works  of  defence,  and 
many  other  matters  of  economical  or  scientific  interest,  less  general  in  their 
character. 

METHODS  OF  PRACTICE  EMPLOYED  IN  THE  CONDUCT  OF  A  GEODETIC  AND 

HYDROGRAPHIC  SURVEY. 

Such  being  the  diversified  and  valuable  ends,  for  the  attainment  of 
which  so  numerous  and  elaborate  and  extensive  hydrographic  surveys  have 
been  set  on  foot  in  modern  times,  along  the  coast  lines  of  our  own  and  of 
foreign  countries,  it  is  consistent  with  the  design  of  this  report  to  sketch  in 
outline  the  methods  of  practice  which  have  been  employed  in  the  actual 
execution  of  works  so  magnificent,  so  truly  national  in  character,  so  in- 
calculably useful,  and  so  honorable  to  the  governments  which  have  under- 
taken them,  and  of  whose  wisdom  they  are  among  the  most  splendid  and 
enduring  monuments.  The  information  here  embodied  would  be  unneces- 
sary and  out  of  place,  were  it  to  be  addressed  to  geometers  or  physicists 
only:  but  if  the  committee  rightly  interpret  the  purpose  of  the  Association 
in  their  appointment,  it  is  a  part  of  their  duty  to  prepare  such  an  account 
of  the  great  public  work  referred  to  them  for  review,  as  may  be  proper  to 
lay  before  the  reading  public  at  large. 

Geodesy.  —  With  the  simple  processes  involved  in  ordinary  field  Burs 
veys,  everyone  maybe  presumed  to  be  sufficiently  familiar  to  enable  him 
on  a  slight  consideration  to  perceive  their  insufficiency  to  determine  cor- 
rectly any  considerable  portion  of  the  earth's  surface,  or  of  any  Long  Inn 
inland  or  sea-coast  boundary.  And  whoever  lias  reached  tliis  point  w  ill  find 
no  great  difficulty  in  understanding  the  general  principles  on  which  the 
peculiar  methods  adapted  to  such  extensive  works  are  Pounded.  In  an 
ordinary  survey,  the  surface  of  the  earth  is  regarded  as  a  plane,  and  every 
field  is  considered  to  be  a  part  of  this  plane,  bounded  by  horizontal  lines. 
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Now  as  the  earth  is  not  plane  upon  its  surface,  but  spherical,  it  is  obvious 
that  there  is  error  even  in  the  smallest  survey  executed  according  to  the 
ordinary  rules.  And  it  is  no  less  obvious  that  if  two  fields,  side  by  side,  be 
independently  surveyed,  the  two  planes  supposed  to  represent  them  will 
not  be  mutually  extensions  of  each  other ;  but  will  be  slightly  inclined  to 
each  other,  the  angle  of  their  inclination  being  equal  to  the  amount  of  the 
earth's  curvature  between  their  middle  points.  In  the  case  we  have  just 
supposed,  indeed,  this  angle  would  be  so  very  slight  as  to  be  altogether  im- 
perceptible :  but  should  we  compare  two  fields  separated  from  each  other  by 
the  distance  of  a  hundred  miles,  we  should  find  their  inclination  to  be  so 
great,  that  the  plane  of  one  of  them  extended  in  the  direction  of  the  other, 
instead  of  coinciding  with  it,  as  it  would  do  if  the  earth's  general  surface 
were  itself  a  plane,  would  pass  above  it  at  a  height  of  a  mile  and  a  quarter. 

Again,  in  defining  the  boundaries  of  fields,  it  is  necessary  to  refer  them 
to  certain  fixed  lines  of  direction,  certain  cardinal  points  of  the  horizon,  or, 
as  they  are  commonly  called,  points  of  the  compass.  Now  if  the  earth 
were  a  plane,  all  the  lines  which  we  call  north  and  south  would  be  parallel 
to  each  other ;  and  so  far  as  the  limited  space  comprehended  within  a  field 
or  a  farm  is  concerned,  such  lines  are  actually  sufficiently  near  to  parallelism 
for  every  practical  purpose.  But  since  the  earth  is  spherical,  all  such  lines, 
wherever  drawn,  must  intersect  each  other  at  last  if  extended  to  the  poles ; 
and  they  must  consequently  be  more  or  less  convergent  in  every  other 
latitude.  The  extensive  surveys  of  the  public  lands,  therefore,  executed  by 
the  government  surveyors  according  to  the  ordinary  methods,  exhibit  but  a 
a  loose  approximation  to  correctness ;  and  they  have  only  been  preserved 
from  intolerable  inaccuracy,  by  dividing  the  territory  to  be  surveyed  into 
zones  limited  by  parallels  of  latitude  at  moderate  distances  from  each 
other ;  and  resting  each  successive  zone  upon  a  new  base.  To  illustrate,  by 
specification,  the  magnitude  of  the  error  involved  in  this  mode  of  surveying, 
when  pursued  over  long  lines  or  extended  surfaces,  it  may  be  observed  that 
such  a  survey  carried  from  the  shore  of  the  Gulf  of  Mexico  to  the  northern 
boundary  of  the  state  of  Mississippi,  would  be  erroneous  to  the  extent  of 
four  miles  in  every  hundred. 

But  in  a  survey  designed  to  represent  the  features  of  a  coast  with  such 
exactness  as  to  assure  safety  to  the  navigator  who  depends  on  the  informa- 
tion it  affords  him,  there  must  be  no  question  of  miles  or  even  of  fractions 
of  miles  of  error ;  the  rigorous  demand  is,  that  there  shall  be  no  sensible 
error  at  all.  And  therefore  it  is  that  the  methods  adopted  must  recognize, 
in  the  first  instance,  the  fact  that  the  earth  is  a  sphere.  And  all  the  lines 
and  surfaces  involved  in  the  various  geometrical  and  trigonometrical  opera- 
tions, must  be  reduced  to  conform  to  this  fundamental  requisition. 

But  even  this  does  not  represent  the  entire  complication  of  the  task. 
The  results  which  would  be  obtained  by  the  strict  application  of  the  pro- 
cesses of  spherical  geometry  and  trigonometry  to  the  globe  of  the  earth 
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considered  as  perfect  in  figure,  though  immensely  nearer  to  the  truth  than 
any  that  could  be  reached  by  plane  trigonometry  alone,  would  still  fail  to  ex- 
hibit the  points  o£  the  earth's  surface  as  nature  has  presented  them.  For 
the  earth  after  all  is  not  a  perfect  sphere  ;  but  is  larger  in  equatorial  than  in 
polar  diameter  by  about  twenty-six  miles.  It  is  this  deviation  from  the 
truly  globular  shape  which  makes  of  the  earth  what  is  called  an  oblate 
spheroid ;  and  this  must  still  be  allowed  for,  before  a  survey  like  that  which 
we  are  considering  can  possess  the  accuracy  that  either  science  requires,  or 
the  safety  of  navigation  demands. 

To  a  survey  of  this  kind  is  applied  the  term,  geodetic.  Having  indi- 
cated the  nature  of  the  geometrical  principles  upon  which  its  determina- 
tions rest,  it  may  be  proper  to  give  a  brief  account  of  the  instrumental 
methods  which  are  employed  in  the  field,  in  gathering  the  data  for  these 
determinations.  The  first  step,  which  is  to  serve  as  the  basis  of  all  subse- 
quent operations  is,  to  measure  with  extreme  accuracy,  in  a  convenient  and 
level  spot,  a  base  line  of  several  miles  in  length.  And  when  we  speak  of 
accuracy,  it  is  to  be  observed  that  the  word  as  here  used  is  to  be  received 
in  a  much  more  severely  rigorous  sense  than  is  the  case  in  its  ordinary  ap- 
plications. By  the  methods  in  practice  in  the  American  Coast  Survey,  a 
line  ten  miles  long  may  be  measured  with  no  greater  error  than  a  fraction  of 
an  inch. 

After  this  first  very  delicate  but  mainly  mechanical  process  has  been 
completed,  the  next  thing  to  be  done  is  to  fix  upon  some  prominently  con- 
spicuous and  conveniently  distant  point,  visible  from  both  extremities  of  the 
base,  and  forming  with  them,  by  imaginary  aerial  lines,  a  triangle  of  large 
dimensions.  All  the  angles  of  this  triangle  are  then  very  carefully  measured 
with  instruments  of  the  nicest  accuracy;  and  from  the  values  thus  obtained 
and  the  known  length  of  the  measured  base,  the  length  of  the  unknown 
aerial  sides  is  determined  by  trigonometrical  computation. 

Each  of  these  unknown  sides  having  become  now  known,  may  in  its 
turn  be  made  the  base  of  a  new  aerial  triangle ;  its  extremities  furnishing 
two  of  the  angular  points,  and  some  new  station  still  more  distant,  and  fall- 
ing conveniently  in  with  the  plan  of  the  survey,  supplying  the  third.  Thus, 
by  the  continued  repetition  of  the  process  here  described,  a  chain  of  tri- 
angles is  constructed  step  by  step,  which  follows  generally  the  windings 
of  the  coast,  but  extends  also  as  far  inland  as  maybe  necessary  to  obtain 
for  the  triangles  the  dimensions  most  favorable  to  accuracy.  For  it  nerd 
hardly  be  remarked  that,  if  there  be  minute  errors  committed  in  tin- 
instrumental  parts  of  the  work,  as  is  doubtless  unavoidable  even  when 
instruments  possess  the  extremest  delicacy  which  art  in  its  highest  refine- 
ments has  been  able  to  secure,  these,  though  singly  imperceptible,  may  grow 
by  repetition  and  accumulation,  until  error  actually  sensible  begins  to 
vitiate  the  results.  On  this  account,  therefore,  it  is  desirable  that  the 
instrumental  measurements  should  be  as  few  as  possible:  aid  accordingly. 
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in  this  principal  chain  of  distances,  the  triangulation  points  are  chosen  as  far 
from  each  other  as  the  nature  of  the  country  will  admit.  It  is  a  consequent 
necessity  that  the  network  of  triangulation,  in  order  that1  it  may  fulfil  every 
important  condition,  should  occupy  a  band  of  considerable  breadth  along 
the  coast.  Indeed  some  of  the  lines  which  form  the  sides  of  these  aerial 
triangles,  are  not  less  than  seventy  miles  in  length  :  yet  it  is  entirely  de- 
monstrable that  the  accumulated  total  of  all  the  error  with  which  they  are 
vitiated,  does  not  exceed  a  single  foot. 

As  a  check  upon  errors  of  this  description,  and  as  a  means  of  testing 
the  precision  with  which  the  instrumental  and  numerical  processes  have 
been  conducted  along  an  extended  line  of  triangulation,  new  bases,  called 
bases  of  verification,  are  occasionally  measured,  often  some  hundreds  of 
miles  distant  from  the  original  base;  and  the  length  as  trigonometrically 
computed  through  the  whole  chain,  is  compared  with  that  which  is  found 
by  actual  measurement.  So  close  has,  in  many  instances,  been  the  agree- 
ment between  results  obtained  by  methods  so  widely  different,  as  almost  to 
exceed  ^belief.  A  base  of  verification  measured  in  France,  in  connection 
Avith  the  triangulation  carried  on  through  that  kingdom  for  the  determina- 
tion  of  the  length  of  a  degree  of  the  meridian,  differed  less  than  a  foot 
from  the  value  found  for  the  same  base,  by  computation  through  a  chain  of 
triangles,  four  hundred  miles  long.  A  similar  base  upwards  of  seven  miles 
in  length,  measured  on  Salisbury  Plain,  in  England,  showed  less  than  a 
single  inch  of  disagreement  with  the  result  deduced  by  calculation  from  an 
original  base  at  the  distance  of  one  hundred  miles.  The  American  Survey 
furnishes  an  example  no  less  remarkable.  A  base  five  and  a  half  miles  long 
on  an  island  in  Chesapeake  bay,  as  actually  measured,  and  as  determined 
through  a  triangulation  of  more  than  three  hundred  miles,  presents  results 
discordant  to  the  extent  of  only  four  inches. 

Next  to  the  triangulation,  in  the  logical  order  of  proceeding,  but  practi- 
cally simultaneously  with  it  as  far  as  convenience  will  allow,  it  becomes 
necessary  to  determine,  with  mathematical  precision,  the  latitude  and  longi- 
tude of  the  principal  points  of  the  survey ;  and  the  angles  which  the  lines 
composing  the  system  form  with  the  meridian.  This  is  an  essential  pre- 
requisite to  the  subsequent  projection  of  the  whole  in  its  proper  place  on 
the  general  map  of  the  globular  terrestrial  surface,  of  which  the  several 
partial  maps  form  a  series  of  detached  though  successive  portions. 

Topography. — The  great  primary  triangulation  having  been  estab- 
lished, the  members  of  the  system  are  afterwards  subdivided  into  smaller 
triangles,  called  secondary ;  and  these  into  others  smaller  still,  called 
tertiary.  By  means  of  these,  all  the  prominent  points  along  the  coast, 
and  the  principal  features  of  its  bays  and  harbors,  are  very  accurately 
fixed.  These  form  again  points  of  departure,  and  checks  to  secure  the 
accuracy  of  the  final  survey  in  detail,  of  the  minute  configuration  of  the 
coast-line,  and  of  the  characteristics  of  the  land,  embraced  within  the  limits 
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of  the  work;  including  its  superficial  irregularities,  its  lithological  character, 
the  vegetable  growth  which  covers  it,  and  all  natural  objects  or  artificial  con- 
structions which  are  in  any  manner  noteworthy,  or  which  affect  its  visible 
appearance.  These  operations  are  accomplished  by  a  species  of  mathemati- 
cal drawing  conducted  in  the  field,  with  the  aid  of  an  instrument  called 
the  Plane  Table  ;  and  constitute  the  topographical  portion  of  the  sur- 
vey* . 

Hydrography. — All  the  laborious  processes  thus  far  described  are  con- 
fined to  the  land.  Without  them,  the  examination  of  the  subaqueous  irregu- 
larities, or  the  hydro  graphical  survey,  important  as  is  this  part  of  the  work 
to  mariners,  could  not  be  carried  out  so  as  to  be  of  any  substantial  value. 
For  it  is  the  business  of  this  branch  of  the  survey  to  furnish  an  accurate 
delineation  of  the  surface  which  the  water  conceals ;  and  the  positions  of 
the  remarkable  points  of  this  surface  cannot  be  correctly  placed  on  the 
chart,  nor  can  the  chart  enable  the  navigator  to  recognize  them,  when  he 
finds  himself  in  their  neighborhood,  unless  they  are  correctly  determined  in 
distance  and  direction  from  the  objects  visible  on  shore  or  above  the  water. 
The  points,  therefore,  trigonometrically  determined  on  the  land,  are  used  to 
fix  the  positions  of  sounding  vessels,  which  are  employed  to  ascertain  the 
depth  of  the  water  and  the  nature  of  the  bottom — the  positions  selected 
being  so  much  the  less  distant  from  each  other  as  the  irregularities  detected 
are  greater,  the  shoals  more  dangerous,  the  submarine  deposits  more  varied, 
and  the  seas  under  examination  more  frequented. 

Observations  upon  the  tides  and  currents,  on  the  variation  of  the  com- 
pass, and  on  the  effects  of  winds  upon  the  level  of  the  water,  furnish  the 
remainder  of  the  data  necessary  to  complete  the  information  which  is  to  be 
presented  on  the  chart — necessary,  in  other  words,  to  form  a  graphic  repre- 
sentation, which  shall  exhibit  with  minute  accuracy  the  latitude  and  longi- 
tude of  every  remarkable  point  of  the  shore-line,  and  of  every  promontory, 
hill,  mountain,  or  other  object  which,  when  the  land  is  in  view,  can  aid  the 
mariner  in  identifying  his  position:  which  shall  show,  also,  the  situations 
and  windings  of  channels;  indicate  the  localities  of  hidden  rooks  and  shoals; 
give  the  depth  of  the  water,  and  the  character  of  the  bottom,  everywhere 
within  the  limits  which  can  be  reached  in  ordinary  soundings;  and,  finally, 
furnish  all  the  information  in  relation  to  tides  and  currents,  light-houses, 
beacons,  fog-bells,  buoys  and  sailing  lines,  which  is  necessary  to  render 
navigation  secure. 

Such  being  the  objects  aimed  at,  and  such  the  processes  employed  in 
conducting  the  difficult  work  of  a  Coast  Survey,  it  seems  proper,  before 
proceeding  to  inquire  how  fir  these  objects  have  been  successfully  pursued, 
or  these  processes  skilfully  and  faithfully  applied  in  the  prosecution  of  the 
survey  of  our  own  coast,  to  review,  in  brief,  the  history  of  similar  under- 
takings in  other  countries.  To  this  topic,  therefore,  the  committee  propose 
to  direct  their  next  attention. 
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ACTION  OF  OTHER  GOVERNMENTS  IN  REGARD  TO  SUCH  SURVEYS. 

The  national  importance  of  works  such  as.  we  are  considering  has  for  a 
Jong  time  been  fully  recognized  by  the  governments  of  Europe.  The 
French,  who  were  the  first  to  apply  the  principle  of  triangulation  to  the  ad- 
measurement of  an  arc  of  the  meridian,  with  a  view  to  determine  the  curva- 
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ture  and  figure  of  the  earth,  were  the  first  also  to  frame  .a  territorial  map 
upon  the  basis  of  geodetic  surveys.  The  want  of  accuracy,  however,  in 
some  of  the  elemental  proceedings  upon  which  this  well-known  map  was 
founded,  and  the  comparative  meagreness  of  its  details,  gave  rise  to  a  scien- 
tific organization,  inaugurated  some  fifty  years  ago  under  the  auspices  of 
La  Place,  for  the  purpose  of  its  review  and  reconstruction.  From  that  time 
to  the  present,  the  new  geodetic  survey  of  the  kingdom,  republic  and 
empire  has  been  steadily  advancing ;  and,  at  the  date  of  this  report,  about 
four-fifths  of  the  work,  embracing  maps  of  some  one  hundred  and  seventy 
thousand  square  miles,  may  be  regarded  as  nearly  completed.  The  hydrog- 
raphy of  the  coast  is  finished.  The  cost  of  these  magnificent  contributions 
to  the  political  importance  and  domestic  interests  of  France  cannot  be  esti- 
mated definitely ;  for  the  departments  to  which  they  have  been  confided 
have  had  other  duties  in  charge  ;  but  the  annual  expenditure  has  been  esti- 
mated at  a  little  less  than  three  hundred  thousand  dollars.  The  charts  for 
general  use  are  on  a  scale  of  rather  more  than  three-quarters  of  an  inch  to 
the  mile ;  some  of  them,  intended  to  direct  in  the  construction  of  public 
works,  are  on  a  scale  four  times  larger. 

The  trigonometrical  survey  of  England  proper  was  begun  in  1791,  and 
will  be  finished  in  a  few  years  more.  A  million  of  pounds  sterling  has  been 
expended  in  its  prosecution.  The  surveys  have  been  made  on  a  scale  of  two 
inches  to  the  mile,  with  the  exception  of  the  six  northern  counties,  where  the 
scale  was  increased  to  six  inches  to  the  mile.  The  published  charts  are  on 
a  scale  of  one  inch  to  the  mile,  and  108  sheets  will  cover  the  whole  area  of 
England  and  Wales. 

The  surveys  of  Scotland  and  Ireland  are  independent  of  that  of  England. 
They  were  begun  later,  and  have  advanced  more  rapidly ;  but  they  have 
been  pursued  into  greater  minuteness  of  detail,  and  have  involved  a  greater 
rate  of  expenditure.  In  one  of  the  documents  laid  before  Parliament  a  few 
years  ago  (1851),  the  surveys  of  the  three  kingdoms  were  estimated  to 
require,  for  completion,  the  sum  of  four  millions  one  hundred  and  thirty- 
three  thousand  pounds  sterling — a  sum  equal  to  more  than  twenty  millions 
of  dollars. 

The  Austrian  Government  has  been,  for  some  eighteen  years,  engaged 
in  a  survey  of  its  dominions,  at  an  annual  cost  of  half  a  million  of  dollars. 
The  Russian,  the  Prussian,  the  Swedish  and  Norwegian,  the  Sardinian,  the 
Belgian  and  the  Spanish  Governments — indeed,  all  the  governments  of 
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Europe,  without  a  noticeable  exception — have  actively  occupied  themselves 
with  the  topography  of  their  respective  territories.  A  summary  view  of 
their  labors,  so  far  as  definitely  ascertainable  at  the  latest  dates,  is  exhibited 
in  the  following  tabular  arrangement : 


Territory  surveyed. 

Scale  of  Maps. 

Sheets  finished. 

Sheets  incomplete. 

England, 

1:  63,310 

100 

8 

France, 

1:  80,000 

172 

77 

Belgium, 

1:  20,000 

completed. 

Netherlands, 

1:  50,000 

12 

50 

Hanover, 

1:100,000 

62 

0 

West  Prussia, 

1:  60,000 

59 

0 

East  Prussia, 

1:100,000 

190 

56 

TIddpt*  "Prussia 

1:150,000 

23 

0 

Hesse, 

1:  50,000 

36 

0 

Wurtemberg, 

1:  50,000 

56 

0 

Baden, 

1:  50,000 

56 

0 

Switzerland, 

1:100,000 

10 

6 

Bavaria, 

1:  50,000 

90 

6 

Tyrol, 

1:144,000 

23 

0 

Sardinia, 

1:  86,000 

41 

0 

Parma  and  Roman  States, 

1:  86,000 

8 

0 

lllyria  and  Styria, 

1:144,000 

37 

0 

Austria, 

1:144,000 

37 

0 

Bohemia, 

1:144,000 

23 

14 

Saxony, 

1:  57,000 

14 

3 

Silesia, 

1:144,000 

23 

35 

G  allieia, 

1:150,000 

23 

0 

Besides  these,  which,  as  the  table  shows,  have  produced  more  than 
eleven  hundred  sheets  of  finished  map-work,  there  are  the  completed  survey 
of  Greece,  and  the  surveys  of  Sweden,  Denmark,  Norway,  Spain,  and  other 
countries,  yet  in  progress. 

In  the  course  of  these  works,  under  the  guidance  of  the  ablest  astrono- 
mers of  their  time, — La  Place,  Arago,  Struve,  Bessel,  Schumacher,  Gauss, 
Carlini,  and  their  compeers, — the  entire  surface  of  Europe  has  been  traversed, 
and  a  series  of  great  arcs  has  been  measured,  extending  together  over 
nearly  forty  degrees.  The  chains  of  triangulation,  which  were  constructed 
in  the  geodesy  of  each  country,  have  been  connected  into  one  harmonious 
system  ;  and  it  is  not  too  much  to  say,  that,  in  a  very  few  years,  every  town 
and  hamlet,  and  isolated  villa — every  mountain  and  hill,  and  lake  and  battle- 
field— will  have  its  place  assigned  it,  with  mathematical  precision,  upon  the 
general  map  of  the  European  continent. 

The  hydrography  of  the  coasts  has  been  the  object  of  equal  care.  Ad- 
miral Beechy,  in  his  address  before  the  Royal  Geographical  Society,  in  L856, 
speaking  of  the  hydrographic  surveys  of  the  north  of  Europe,  \\  liioli  had 
been  conducted  by  Russia,  Prussia,  Sweden  and  Denmark,  says:  "  No  fleet 
ever  left  England  so  well  supplied  with  charts  as  the  Baltic  fleet  of  the  last 
war." 

The  survey  of  the  East  India  Company's  possessions,  under  Colonel 
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Lambton  and  Lieutenant-Colonel  Everest,  is  distinguished  among  the  geo- 
detic achievements  of  the  time,  no  less  by  its  magnitude  than  by  the  skill  and 
energy  ivith  which  it  has  been  prosecuted.  It  has  measured,  by  great  tri- 
angulations,  a  meridian  arc  of  twenty  degrees  and  twenty-one  minutes,  or 
of  about  fifteen  hundred  miles  in  length.  Up  to  the  present  time,  it  has 
delineated  four  hundred  and  forty-seven  thousand  square  miles  of  territory, 
beinor  about  one-third  the  whole  area  of  India. 

The  hydrographic  operations  of  the  Company  have  embraced  a  part  of 
the  eastern  coast  of  Africa,  the  Red  sea,  the  Persian  gulf,  the  Arabian  sea, 
the  Bay  of  Bengal,  and  the  China  sea.  The  charts,  one  hundred  and  forty- 
five  in  number,  include  the  trace  of  a  series  of  reconnaissances  of  all  the 
shores,  from  the  most  eastern  cape  of  Africa  to  China. 

It  would  be  out  of  place,  in  this  very  general  review,  to  pursue  into 
greater  detail  the  history  of  these  numerous  and  extensive  and  interesting 
foreign  works ;  or  to  enumerate  specifically  the  various  and  important  ben- 
efits which  they  have  been  the  means  of  bestowing  upon  mankind.  If  the 
committee  have  succeeded  in  showing  that  the  governments  of  the  civilized 
world  have  generally  favored  public  works  of  the  kind  under  consideration, 
their  object  will  have  been  attained.  But  they  believe  that  they  have  clone 
more  than  this.  They  believe  that  enough  has  been  said  to  make  it  mani- 
fest that  all  enlightened  governments  have  vied  with  each  other  in  the 
liberality,  the  zeal,  and  the  perseverance  with  which  they  have  prosecuted 
their  several  surveys ;  and  have  displayed,  in  the  spirit  which  has  sustained 
them,  a  most  laudable  ambition  to  secure  for  their  results  the  severest  scien- 
tific accuracy. 

FIRST  ORGANIZATION  OF  THE  COAST  SURVEY  OF  THE  UNITED  STATES. 

It  is  believed  that  the  honor  of  first  suggesting  a  geodetic  survey  of 
the  American  coast,  is  due  to  the  elder  Professor  Patterson,  of  Philadelphia ; 
who,  as  early  as  the  year  1806,  availed  himself  of  his  intimacy  with  the 
President,  Mr.  Jefferson,  and  the  gentlemen  who  formed  his  cabinet,  to 
impress  them  with  the  feasibility  and  policy  of  the  measure.  The  act  of 
Congress  of  1807  was  passed  upon  the  executive  recommendation.  It 
authorized  the  President  to  cause  a  survey  to  be  made  of  the  coasts  of  the 
United  States;  in  which  were  to  be  designated  the  islands,  shoals  and  places 
of  anchorage  within  twenty  leagues  of  the  shore,  with  the  courses  and 
distances  of  capes  and  headlands,  and  such  other  matter  as  might  be  deemed 
proper  for  completing  an  accurate  chart  of  every  part  of  the  coast.  It  also 
authorized  the  survey  of  St.  George's  bank,  and  any  other  banks  or  shoals, 
and  the  soundings  and  currents  beyond  the  limits  aforesaid  to  the  Gulf- 
stream. 

A  circular  was  accordingly  issued  by  Mr.  Gallatin,  the  able  statesman 
then  at  the  head  of  the  Treasury  Department,  setting  forth  a  project  of  a 
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survey,  and  inviting  to  it  the  attention  of  scientific  men.    In  this  project, 
the  proposed  operations  were  distributed  under  three  heads : 

1.  The  ascertainment,  by  a  series  of  astronomical  operations,  of  the  true 
positions  of  a  few  remarkable  points  on  the  coast. 

2.  A  trigonometrical  survey  of  the  coast  between  these  points. 

3.  A  nautical  survey  of  the  shoals  and  soundings  of  the  coast,  of  which 
the  trigonometrical  survey  was  to  supply  the  basis. 

Among  the  gentlemen  who  replied  to  the  Secretary's  circular,  was  the 
late  Mr.  F.  R.  Hassler.  This  gentleman  had,  previously  to  this  time,  been 
engaged  in  the  triangulation  of  the  Swiss  canton  of  Berne  ;  and  he  proposed 
to  place  at  the  service  of  our  government  the  ability  and  experience  which 
he  had  acquired  in  the  school  of  practice,  for  the  execution  of  the  American 
survey. 

Mr.  Hassler  was  accordingly  appointed;  and  in  the  year  1811  he 
visited  Europe  for  the  purpose  of  obtaining  the  instruments  necessary  for 
his  operations,  all  of  which  had  to  be  specially  constructed ;  but  owing  to 
the  •  disturbed  state  of  the  continent,  and  the  subsequent  war  between 
England  and  the  United  States,  his  efforts  to  obtain  them  were  for  a  long 
time  baffled.  lie  did  not  return  to  the  United  States  until  the  year  1816 ; 
and  it  was  not  until  some  time  in  the  year  following  that  a  commencement 
of  the  work  was  at  length  made  in  the  bay  and  harbor  of  New  York. 
But  the  work  had  been  hardly  begun,  before  it  was  suspended  in  conse- 
quence of  the  failure  of  Congress  to  provide  funds  for  its  continuance ;  and 
in  1818  the  law  under  which  the  Superintendent  had  been  appointed,  was 
repealed. 

From  1819  till  1832  attempts  were  from  time  to  time  made  to  survey 
portions  of  the  coast  under  the  direction  of  the  Navy  Department. 
Detached  surveys  of  rivers  and  harbors  were  made;  and  hydrographic 
reconnaissances  of  the  coast  of  some  of  the  States;  but  no  general  or 
connected  survey  of  the  coast  was  attempted,  nor  did  the  detached  surveys 
yield  fruit  which,  taken  as  a  whole,  could  be  considered  creditable  to  the 
navy  or  to  the  country.  The  Hon.  S.  L.  Southard,  Secretary  of  the  Navy 
in  1828,  in  a  reply  to  resolutions  of  inquiry  from  the  Committee  on  Naval 
Affairs,  in  the  House  of  Representatives,  characterized  the  charts  produced 
by  those  surveys  as  expensive  and  unsafe,  pointed  out  the  inefficiency  of 
such  a  desultory  plan  of  operations,  and  recommended  a  recurrence  to  the 
law  of  1807. 

On  the  repeated  representations  of  Mr.  Southard  and  others,  the 
project  of  a  geodetic  survey  of  the  coast  conciliated  again  the  favor  of 
Congrsss  in  1832.  A  small  appropriation  was  then  made  for  carrying  out 
the  law  of  1807,  and  the  President  was  authorized  to  employ  in  the  conduct 
of  the  work,  such  astronomers  and  other  persons  as  he  should  judge  proper, 
in  addition  to  officers  in  the  land  and  naval  service.  From  this  time  the 
operations  of  the  Coast  Survey  passed  anew  under  the  charge  of  Bir, 
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Hassler ;  and  be  continued  to  direct  them  till  his  death,  which  occurred  in 
the  year  1843. 

In  reviewing  the  history  of  this  early  period,  it  is  proper  to  remember 
that  "  the  first  years  were  necessarily  years  of  organization  and  instruction. 
The  Superintendent  had  to  systematize  methods,  to  train  up  assistants,  to 
cause  the  work  to  grow  from  a  small  beginning,  until  it  comprehended 
the  various  operations  of  a  geodetic  survey  upon  the  land,  and  included 
the  hydrography  of  the  adjacent  waters.  When  the  results  accumulated, 
it  was  necessary  to  provide  for  their  computation  and  reduction ;  and  also 
for  the  preparation  of  maps  and  charts  upon  a  plan  suited  to  our  extended 
coast,  and  for  the  engraving  of  the  maps  themselves.  All  these  things 
were  new  in  this  country.  The  amount  of  knowledge,  skill  and  labor 
required  to  overcome  these  and  other  difficulties  was  hardly  appreciated. 
The  results  show  how  large  an  amount  of  work  had  been  done,  and  how 
the  work  wTas  extending  beneficially  at  the  time  of  Mr.  Hassler's  death." 

The  condition  of  the  work  as  Mr.  Hassler  left  it,  will  be  made  intelli- 
gible by  the  following  brief  statement.  A  base  line  had  been  measured  on 
the  south  side  of  Long  Island,  in  the  vicinity  of  New  York,  the  commercial 
importance  of  which  obviously  indicated  it  as  the  proper  point  of  beginning. 
The  triangulation  had  extended  eastward  to  Rhode  Island,  and  southward 
to  the  head  of  Chesapeake  bay;  the  primary  triangulation  crossing  the 
neck  of  New  Jersey  and  Delaware,  while  a  secondary  triangulation  skirted 
the  coast  of  New  Jersey,  meeting  and  inosculating  with  another  series 
which  extended  down  Delaware  bay.  The  topography  had  kept  pace  with 
the  triangulation ;  and  the  hydrography  of  New  York  bay  and  harbor,  of 
Long  Island  sound,  of  Delaware  bay  and  river,  and  the  off-shore  work, 
from  Montauk  Point  to  the  capes  of  the  Delaware,  were  nearly  completed. 

A  reference  to  the  table  of  statistics  in  the  second  part  of  this  report 
will  show  that  the  triangulation  covered  an  area  of  9,000  square  miles, 
furnishing  determinations  of  nearly  1,200  stations,  for  the  delineation  of 
1,600  miles  of  shore-line;  that  168  topographical  maps  had  been  surveyed, 
and  142  hydrographical  charts.  The  work  of  publication  had  been 
organized,  and  five  large  charts  were  engraved,  very  nearly  ready  for 
publication. 

The  progress  thus  sketched,  although  really  very  considerable,  and 
highly  creditable  to  the  late  Superintendent,  was  still  felt  to  be  inadequate 
to  the  pressing  demands  of  commerce,  and  clamors  arose  in  Congress 
against  the  administration  of  the  Survey,  ascribing  the  slow  progress  to  an 
unnecessary  refinement  in  the  processes  employed,  and  claiming  the  results 
to  be  inadequate  to  the  expenditure.  An  investigation  was  accordingly 
instituted  in  1842,  by  a  congressional  committee,  which,  after  a  severe  and 
unfriendly  scrutiny,  practically  resulted  in  a  complete  endorsement  of  the 
principles  on  which  the  Survey  had  been  conducted  by  Mr.  Hassler.  A 
proviso  was  attached  to  the  Appropriation  Bill  in  1843,  directing  that  the 
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Survey  be  thereafter  executed  according  to  a  plan  of  reorganization  to  be 
prepared  by  a  board  of  officers,  consisting  of  the  (late)  Superintendent,  his 
two  principal  assistants,  the  two  naval  officers  in  charge  of  the  hydrographical 
parties,  and  four  officers  of  the  corps  of  topographical  engineers. 

The  plan  adopted  by  this  board  in  1843,  and  invested  with  the  force  of 
law  by  the  preceding  legislation,  reaffirms  the  scientific  methods  proposed 
by  Mr.  Hassler  as  the  basis  of  the  work,  and  provides  for  the  organization 
of  its  operations. 

EXPANSION  AND  MODIFICATIONS  OF  THE   COAST   SURVEY   UNDER  THE 

PRESENT  SUPERINTENDENT. 

In  consequence  of  the  death  of  Mr.  Hassler,  which  occurred  soon 
afterwards,  the  responsibility  of  amplifying  and  carrying  into  effect  the 
provisions  of  the  adopted  plan  devolved  mainly  upon  his  successor,  the 
present  Superintendent,  Alexander  Dallas  Bache.  The  appointment  of 
this  gentleman  was  a  concession  to  the  universally  expressed  scientific 
judgment  of  the  country.  It  is  within  the  personal  knowledge  of  some 
members  of  this  committee,  that  our  colleges,  learned  societies,  and  men  of 
science,  united  in  one  strenuous  call  upon  the  executive,  to  withdraw 
Professor  Bache  from  the  field  of  more  limited  usefulness  in  which  he  was 
already  distinguished,  and  to  secure  to  the  entire  nation  the  benefit  of  his 
great  talents  and  his  services.  And  it  is  matter  of  just  pride  to  them,  that 
their  elevated  estimate  of  his  merits  has  been  so  abundantly  vindicated  by 
the  brilliancy  of  his  official  career. 

Up  to  this  time,  it  will  be  observed,  the  Survey  had  been  confined 
entirely  to  the  Atlantic  coast,  and  to  the  limited  portion  of  that  coast 
embraced  between  Narraganset  bay  and  Cape  Henlopen.  No  sooner  had 
the  new  Superintendent  been  able  to  form  some  just  estimate  of  the 
magnitude  of  the  work  in  hand,  and  of  the  great  length  of  time  which  it 
must  require  for  its  completion,  at  its  actual  rate  of  progress,  and  with  the 
existing  provision  for  its  prosecution,  than  he  urgently  recommended  the 
adoption  of  a  more  comprehensive  system,  according  to  which  the  work 
should  be  commenced,  and  carried  on  independently,  in  many  places  at 
once ;  each  section  employing  its  own  base,  and  making  its  own  geographical 
determinations;  but  all  designed  to  form,  when  completed,  a  single  con- 
tinuous and  unbroken  chain  of  triangulation  extending  from  one  end  of  the 
coast  to  the  other.  At  that  time  Texas  had  not  been  annexed,  and  the 
western  coast  was  not  in  the  possession  of  the  United  States.  The  proposi- 
tion of  Professor  Bache,  reduced  to  a  specific  form,  was  to  divide  the  entire 
coast  of  the  Atlantic  and  the  Gulf  of  Mexico,  into  eight  distinct  sections,* 
embracing  as  nearly  as  could  be  estimated,  the  same  length  of  shore-line  in 

*  Since  the  acquisition  of  Texas  and  the  extension  of  the  work  to  the  Pacific  OOast,  the 
number  of  sections  has  been  increased  to  eleven. 
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each ;  and  to  commence  the  work  in  as  many  of  these  simultaneously,  as 
Congress  could  be  induced  to  provide  for. 

This  recommendation  was  made  at  the  close  of  the  year  1844,  and  was 
immediately  approved.  Accordingly,  in  the  course  of  the  following  year, 
the  Superintendent,  besides  extending  the  line  of  Mr.  Hassler  at  both  ends, 
commenced  active  operations  on  the  coast  of  Virginia  and  North  Carolina 
upon  the  Atlantic,  and  upon  the  coast  of  Alabama  and  Mississippi  in  the 
Gulf  of  Mexico.  Two  years  later  the  work  had  been  extended  to  the 
States  of  South  Carolina,  Georgia,  Louisiana  and  Texas ;  and  two  years 
later  still  the  important  survey  of  the  reefs  and  keys  of  Florida  was 
commenced. 

On  the  annexation  of  California,  the  Pacific  coast  was  immediately 
included  in  the  plan  of  operations ;  and  such  was  the  vigor  with  which  the 
work  was  pushed  forward  in  every  quarter,  that  Mr.  Coewin,  then  Secretary 
of  the  Treasury,  in  a  report  communicated  to  the  Senate  in  1851,  was 
enabled  to  show,  that  a  twofold  increase  of  appropriations  to  the  work  had 
produced  an  increase  in  the  amount  of  performance,  and  in  the  aggregate 
of  the  results  obtained,  more  than  threefold.  And  he  traced  this  economy 
to  the  division  of  labor  which  an  increased  scale  permits,  and  to  the 
vigorous  prosecution  of  the  work  at  the  south  and  at  the  north  at  the  same 
time,  whereby  the  same  persons  can  avail  themselves  of  the  best  season  for 
operating  in  the  field  in  each  region.  The  Secretary,  at  the  same  time, 
advised  strongly  against  the  reduction  of  the  appropriations,  in  the 
diminution  of  the  force  employed  on  the  Survey;  maintaining  that  such 
retrenchments  could  be  made  only  at  a  large  economical  sacrifice. 

With  this  brief  statement  of  the  general  administrative  principles, 
according  to  which  the  present  Superintendent  has  aimed  to  conduct  the 
operations  of  the  important  work  confided  to  him,  the  committee  proceed 
to  consider,  in  more  specific  detail,  some  of  the  particular  methods  pursued 
in  its  execution,  with  special  notice  of  those  in  which  an  advance  has  been 
made  upon  methods  heretofore  used  in  this  or  similar  works,  passing  after- 
wards to  a  review  of  the  results  obtained  up  to  the  present  time. 

DETAILS  OF  COAST  SURVEY  OPERATIONS  UP  TO  1858. 

Under  this  head,  the  committee  desire  to  acknowledge  their  obligations 
to  the  obliging  assistants  in  the  office  of  the  Coast  Survey  at  Washington, 
for  information  courteously  rendered  in  regard  to  such  matters  of  history 
and  methods  of  practice  as  are  not  fully  embraced  in  the  published  reports, 
and  to  which  the  personal  knowledge  of  the  members  of  the  committee 
could  not  be  presumed  to  extend. 

Measurements  of  Bases. — There  have  been  measured  in  all,  up  to  the 
date  of  the  present  report,  nine  principal  base-lines,  two  of  which  are  now 
connected  by  a  primary  triangulation.   These  two  are  the  Fire  Island  base,  on 


PART  I  :  OBJECTS,  HISTORY,  METHODS.  23 

the  south  side  of  Long  Island,  and  the  Kent  Island  base,  in  Chesapeake  bay. 
Both  of  these,  and  also  a  third  one  in  Massachusetts,  were  measured  with 
the  apparatus  designed  by  Mr.  Hassler,  and  fully  described  by  him  in  the 
Transactions  of  the  American  Philosophical  Society,  vol.  IV. ;  the  measure- 
ments being  made  with  iron  bars,  and  by  optical  contact.  Four  bars,  each 
two  metres  in  length,  were  clamped  together  endwise,  forming  a  combined 
length  of  eight  metres,  and  placed  in  a  wooden  box  suitably  stiffened,  the 
ends  of  the  bars  projecting  a  little  beyond  the  box.  A  powerful  microscope, 
mounted  on  a  suitable  stand,  was  adjusted  so  as  to  bring  its  cross-wires  to 
point  at  the  forward  end  of  the  bars,  which  was  defined  by  the  dividing 
line  formed  by  an  abutting  piece  clamped  against  it.  The  box  was  then 
carried  forward  and  adjusted  in  position  so  as  to  bring  the  rear  end  under 
the  same  microscope ;  another  was  adjusted  over  the  forward  end,  and  the 
measurement  continued  in  this  way.  The  temperature  of  the  bars  was 
•ascertained,  as  nearly  as  may  be  done  by  such  means,  by  thermometers 
placed  in  contact  with  the  bars.  It  will  be  observed  that  the  correction  for 
temperature  is  a  very  sensible  quantity  in  a  long  line ;  supposing  the 
temperature  at  which  the  standard  has  its  determinate  length  to  be  32° 
Fahr.,  as  is  the  case  with  the  metre,  and  the  measurement  to  have  been 
made  at  an  average  temperature  of  72°,  the  nominal  length  of  a  line  of  10 
miles  would  be  4.5  metres,  or  nearly  15  feet  less  than  the  true  length 
expressed  in  the  standard  measure.  It  is  highly  important,  therefore,  that 
the  temperature  of  the  bars  during  the  measurement  should  be  accurately 
ascertained,  or  else,  that  the  expansion  should  be  compensated,  as  in  the 
case  of  a  compensation-pendulum.  A  mercurial  thermometer  of  ordinary 
form  will  follow  changes  of  temperature  far  more  quickly  than  an  iron  bar 
of  some  thickness,  owing  to  the  great  specific  heat  of  the  latter;  while  the 
temperature  is  rising  the  thermometer  will  show  a  higher,  and  while  it  is 
falling  a  lower  temperature  than  the  iron  bar  will  have  acquired  at  the  same 
time,  and  the  measurement  is  liable  to  errors  arising  from  this  source,  unless 
the  errors  in  both  directions  are  accidentally  balanced  in  the  aggregate. 

To  obviate  this  source  of  error,  Professor  Bache  designed  an  apparatus, 
which  was  constructed  in  the  office  of  the  Coast  Survey,  under  his  direction, 
and  with  which  the  subsequent  bawsJiave  been  measured.  In  this  apparatus 
the  measuring  bars  are  arranged  upon  the  plan  of  compensation  for  the 
effects  of  temperature,  which  was  first  used  by  Colonel  Colby  in  Great 
Britain,  and  afterwards  in  this  country  by  Mr.  Borden,  in  the  Trigono- 
metrical Survey  of  the  State  of  Massachusetts ;  but  the  mode  of  obtaining 
the  compensation  is  entirely  different.  A  principle  is  also  introduced, 
which,  though  of  sufficiently  obvious  importance  when  once  suggested,  had 
not  been  previously  recognized;  or  had  not,  at  least,  been  previously 
applied  in  practice.  It  is  matter  of  observation  that  if  a  bar  of  brass  and  a 
bar  of  iron  of  equal  dimensions  be  exposed  to  the  same  source  of  heat,  they 
will  not  always  undergo  equal  changes  of  temperature  in  equal  times;  but 
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that,  after  a  short  interval,  a  difference  will  be  found  to  exist,  the  amount  of 
which  will  depend  on  the  different  conducting  properties  of  the  two  metals, 
their  different  specific  heats,  and  the  different  powers  of  absorption  possessed 
by  their  surfaces.  Accordingly,  two  such  bars,  if  of  equal  cross-sections, 
will  not  form  a  system  compensating  during  progressive  changes  of  tem- 
perature, however  perfectly  the  compensation  may  be  ultimately  effected, 
when  the  temperature  shall  have  become  stationary,  and  uniform  throughout 
the  system.  In  order  therefore  that  a  combination  of  such  bars  may  answer 
the  purpose  aimed  at,  their  sections  must  be  so  proportioned  to  their  con- 
ducting power  and  specific  heat,  that  their  fluctuations  of  temperature 
under  different  exposures  may  go  on  at  precisely  the  same  rates.  As  to  the 
absorbing  power  of  their  surfaces,  that  is  easily  made  identical,  by  giving 
to  both  bars  the  same  external  coating. 

The  lever  of  contact  and  level,  first  used  in  the  adjustment  of  standard 
measures  by  Bessel,  has  been  adapted  to  this  apparatus,  the  contact 
between  two  sets  of  bars  being  made  by  a  blunt  knife-edge  against  a  plane, 
both  of  agate.  Those  who  desire  to  study  this  beautiful  and  delicate 
arrangement  are  referred  to  the  Coast  Survey  Report  for  1854,  where  it  is 
described  and  figured.  The  mechanical  arrangements  by  means  of  which 
the  bars  are  adjusted  in  line,  height  and  inclination,  are  also  worthy  of 
admiration ;  and  such  is  the  rapidity  with  which  the  apparatus  can  be  used, 
that  on  favorable  ground  a  mile  has  repeatedly  been  measured  in  a  single 
working  day  of  ten  hours.  It  is  so  arranged  that  the  measurement  may  be 
made  at  inclinations  up  to  3°  with  the  same  facility  and  accuracy  as  on 
level  ground. 

The  accuracy  of  its  results  has  been  practically  tested  by  repeated 
measurements  of  the  same  distance,  from  which  it  appears  that  the  probable 
error  in  measuring  a  mile  is  about  two  hundreths  of  an  inch.  This  base 
apparatus  was  designed  in  1845,  and  first  used  in  1847  on  Dauphine  Island, 
on  the  coast  of  Alabama.  Since  then  base-lines  have  been  measured  with  it 
in  North  and  South  Carolina,  in  Florida,  and  in  Maine.  All  these  measure- 
ments have  been  conducted  by  the  Superintendent  in  person,  aided  by 
some  of  his  assistants.  The  average  length  of  the  primary  base-lines 
measured  thus  far  is  about  six  miles. 

Many  laborious  and  delicate  experiments  were  requisite  to  perfect  the 
adjustments  of  the  apparatus.  Before  and  after  the  measurement  of  each 
base-line,  the  length  of  both  sets  of  bars,  which  is  six  metres  or  nearly 
twenty  feet,  is  carefully  compared  with  a  standard  bar  of  iron.  The  rate 
of  expansion  of  this  standard  has  been  ascertained  by  experiment,  and  its 
length  at  32°  Fahr.  has  been  verified  by  means  of  six  single  metres  abutting 
endwise,  each  of  which  has  been  compared  with  an  authentic  standard 
metre — one  of  those  originally  made  by  the  French  committee  on  weights 
and  measures.  The  possession  of  this  valuable  standard,  which  was  brought 
to  this  country  by  Mr.  Hassler,  and  by  him  presented  to  the  American 
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Philosophical  Society,  was  one  of  the  chief  reasons  for  using  the  metre  as 
the  unit  of  length  in  the  Coast  Survey,  especially  in  the  absence  of  any 
legally  established  standard  of  the  country.  The  length  of  the  English 
yard,  which  is  our  customary  unit  of  length,  has  but  recently  been  defini- 
tively settled  in  Great  Britain  ;  and  the  fact  that  the  dimensions  of  the  earth 
have  hitherto  been  best  known  in  metres,*  makes  the  latter  measure  one  of 
great  convenience  in  geodetic  operations.  The  distances  in  the  Survey  are, 
of  course,  also  given  in  yards,  and  miles,  for  common  use. 

The  comparisons  of  length  are  made  by  means  of  Saxton's  pyrometer, 
an  instrument  of  great  simplicity,  and  affording  the  highest  degree  of 
accuracy.  A  small  mirror,  movable  about  a  vertical  axis,  reflects  into  the 
field  of  a  telescope,  placed  at  a  distance  of  20  feet,  the  divisions  of  a  long 
curved  scale  fixed  directly  under  the  telescope ;  by  means  of  a  small 
abutting  piece  attached  to  the  mirror,  any  difference  in  length  to  be 
measured  causes  a  corresponding  rotation  of  the  mirror,  by  which  dif- 
ferent scale-divisions  appear  on  the  wires  in  the  telescope,  and  a  greatly 
magnified  indication  is  thus  obtained  by  an  index  equal  in  length  to  twice 
the  distance  of  the  mirror  from  the  scale.  The  quantity  to  be  measured  is 
thus  readily  magnified  2,000  times,  without  any  loss  from  inertia  and 
flexure,  which  would  be  unavoidable  in  obtaining  a  similar  result  by  means 
of  mechanical  levers. 

The  necessity  for  the  greatest  attainable  accuracy  in  such  operations  is 
apparent  when  we  remember,  that  an  error  in  the  base-line  will  affect  the 
whole  distance  depending  upon  it  by  triangulation  in  the  same  ratio :  thus, 
if  the  base-line  were  in  error  by  but  its  ten-thousandth  part,  a  distance  of 
100  miles  depending  on  it  would  be^error,  from  that  source  alone,  by  one 
hundreth  of  a  mile  or  53  feet. 

The  Fire  Island  base,  on  the  south  side  of  Long  Island,  and  the  Kent 
Island  base  in  Chesapeake  bay,  are  connected  by  a  primary  triangulation. 
These  are  the  bases  alluded  to  in  a  former  part  of  this  report,  where  it  is 
mentioned  that  the  Kent  Island  base  has  served  to  verify  the  others.  This 
Kent  Island  base  is  five  miles  and  four-tenths  long,  and  the  original  Fire 
Island  base  is  eight  miles  and  seven-tenths.  The  shortest  distance  bet  ween 
them  is  two  hundred  and  eight  miles;  but  the  distance  through  the  triangu- 
lation is  three  hundred  and  twenty.  The  number  of  intervening  triangles 
is  thirty-two ;  yet  the  computed  and  measured  lengths  of  the  Kent  Island 
base  exhibit  a  discrepancy  no  greater  than  four  inches. 

On  some  portions  of  the  coast,  where  the  pressing  wants  of  commerce 
made  it  desirable  to  commence  the  work  in  advance  of  the  regular  primary 
triangulation,  local  surveys  have  been  executed  based  on  preliminary  base- 
lines, which  were  measured  with  wooden  or  iron  bars,  and  some1  simple 
auxiliary  apparatus,  generally  devised  by  the  assistants  having  immediate 

*  Or  rather  in  terms  of  the  ioise,  of  which  the  metre  is  a  certain  aliquot  pai  l  . 
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charge  of  the  work.  Some  of  these  contrivances  have  been  described  in  the 
annual  reports  of  the  Superintendent,  and  will  be  found  very  useful  to 
persons  wishing  to  execute  local  surveys  with  some  degree  of  accuracy. 
See  particularly  0.  S.  Report,  1857.  All  such  preliminary  measurements 
will  in  time  be  superseded  by  measurements  with  the  compensating  appa- 
ratus above  described. 

Measurement  of  Angles. — In  measuring  the  angles  of  the  primary 
triangulation,  theodolites  of  various  sizes  and  construction  are  employed. 
The  largest  instrument  of  this  class  belonging  to  the  Coast  Survey  has  a 
circle  of  30  inches  in  diameter,  graduated&£  five  minutes,  and  reading  to 
single  seconds  of  arc  on  three  micrometer-microscopes ;  it  is  provided  with 
a  telescope  of  great  power,  which  is  partly  supported  by  springs  within  the 
upright  columns,  so  as  to  relieve  the  bearings  in  a  great  degree  from 
friction.    The  weight  of  the  whole  upper  or  movable  portion  is  in  great  part 
supported  by  friction  rollers  and  taken  off  from  the  vertical  axis,  in  order  to 
secure  the  latter  against  wear  and  to  obtain  a  very  free  motion  about  the 
axis.    This  instrument  was  designed  by  Mr.  Hassle r,  and  constructed  by 
Troughton  &  Simms,  of  London.    It  is  used  by  the  Superintendent  in  the 
execution  of  the  primary  triangulation  of  the  north-eastern  part  of  the 
coast,  where  the  country  presents  considerable  natural  elevations  and 
admits  of  long  lines  of  sight,  ranging  from  twenty  to  eighty  miles  in  length. 
The  accuracy  of  pointing  and  reading  attained  with  this  instrument  is  such, 
that,  notwithstanding  the  varying  condition  of  the  atmosphere,  the  probable 
error  of  a  single  measure  of  an  angle  is  about  one  second  and  a  quarter, 
which  in  the  mean  of  thirty  such  measures,  the  usual  number  taken,  is 
reduced  to  about  one-fourth  of  a  second.    The  observations  are  made  under 
all  conditions  of  visibility  of  signals,  varying  from  a  well-defined  and  steady 
image,  to  a  nearly  obliterated,  trembling  blur.    For  each  observation,  the 
appearance  of  the  signal  observed  has  been  carefully  noted ;  and  the  means 
have  been  thus  obtained  for  a  discussion  of  the  results  with  reference  to  the 
conditions  of  vision.    The  results  arrived  at  justify  the  conclusion  that  the 
mean  of  observations  taken  in  various  states  of  the  atmosphere,  is  probably 
preferable  to  the  mean  of  such  as  have  been  obtained  under  circumstances 
apparently  the  most  favorable ;  there  being  in  the  former  case  less  of  correc- 
tion required  to  fulfil  the  geometrical  conditions  of  the  work;  while  a  given 
limit  of  probable  error  can  generally  be  reached  by  that  method,  in  much 
less  time  than  by  the  other.    This  result  may  be  readily  accounted  for, 
by  supposing  that,  under  the  conditions  which  appear  most  favorable  to 
accuracy  of  observation  along  a  line  of  considerable  extent,  there  may 
regularly  occur  a  slight  lateral  deflection,  which,  in  the  mean  of  observations 
taken  under  different  conditions  of  the  atmosphere,  is  sensibly  eliminated. 

A  theodolite  nearly  similar  in  construction  with  the  one  described,  but 
having  only  twenty-four  inches  diameter,  is  likewise  used  in  the  primary 
triangulation.    Besides  these,  repeating  theodolites  with  circles  varying 
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from  twelve  to  six  inches  are  employed  in  the  different  classes  of  triangula- 
tion.  On  the  Atlantic  coast  south  of  ~New  York,  and  on  the  shores  of  the 
Gulf  of  Mexico,  where  the  country  presents  no  considerable  eminences,  and 
is  in  general  densely  wooded,  the  instruments  frequently  require  to  be 
elevated  on  wooden  structures,  in  order  to  overcome  the  curvature  of  the 
earth,  and  to  get  above  the  most  heated  statum  of  air.  These  structures, 
which  range  from  twenty-five  to  fifty  feet  in  height,  have  been  constructed 
on  various  plans  by  the  assistants  of  Professor  Bache,  and  have  proved 
amply  steady  for  measurements  with  the  repeating  instruments. 

The  signals  generally  employed  to  mark  station-points  are  straight 
poles,  supported  by  a  tripod,  and  surmounted  by  a  cone  or  bell-shaped  cap 
of  bright  tin,  on  which  the  reflection  of  the  sun  shows  a  luminous  spot  to 
the  observer.  On  the  long  lines  of  the  primary  triangulation,  however, 
heliotropes  are  used  in  addition  to  the  signal-poles.  The  heliotrope,  invented 
by  Gauss,  is  an  instrument  in  which  a  mirror  of  a  few  square  inches  surface 
is  so  mounted  in  connexion  with  a  telescope,  that  the  reflection  of  the  sun 
may  be  thrown  to  any  desired  direction.  It  is  very  effective,  and  it  is  not 
unusual  to  observe  on  heliotropes  on  the  summit  of  mountains  80  or  90 
miles  distant,  when  the  outlines  of  the  mountains  are  invisible  through  the 
hazy  atmosphere. 

The  number  of  observations  taken  for  the  different  classes  of  triangula- 
tion is  so  apportioned  to  the  quality  of  the  instruments  used,  and  to  the 
agreement  of  the  individual  observations  among  themselves,  that  the  error 
-  of  the  sum  of  the  angles  in  a  primary  triangle  will  not  exceed  three  seconds, 
or  nine  seconds  in  a  triangle  of  the  second  order.  These  limits  of  error, 
however,  are  seldom  reached  in  fact.  The  average  correction  required  for 
an  observed  angle  in  the  eastern  section,  where  the  stations  are  natural 
elevations  and  the  sides  average  over  forty  miles  in  length,  is  about  four- 
tenths  of  a  second.    In  the  southern  sections  it  is  rather  larger* 

Observations  of  Latitude. — In  order  to  fix  the  situation  of  the  whole 
network  of  triangles  on  the  surface  of  the  earth,  it  would  suffice  to  deter- 
mine the  latitude  and  longitude  of  some  one  point,  and  the  direction  with 
reference  to  the  true  meridian  of  one  of  its  lines — its  azimuth — if  the 
figure  of  the  earth  were  precisely  known.  But  owing  to  the  irregularities 
of  the  latter,  it  is  found  necessary  to  repeat  those  determinations  very 
frequently,  by  which  means  the  work  is  checked,  and  any  accumulation  of 
error  avoided,  while  at  the  same  time  the  figure  of  that  portion  of  the  earth 
covered  by  the  survey  is  accurately  ascertained.  Observations  of  latitude 
are  made  at  numerous  stations  of  the  primary  triangulation.  Different 
methods  and  different  instruments  have  been  employed,  and  the  results 
have  been  carefully  discussed  in  order  to  determine  which  are  best  and 
most  available.  A  two  foot  vertical  circle,  and  several  twelve-inch  repeating 
reflecting  circles,  by  Troughton  &  Simms;  and  also  six-inch  and  t  en-inch 
repeating  theodolites  by  Gambey,  were  tried  successively,  but  the  result? 
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were  found  to  be  liable  to  considerable  instrumental  errors,  and  the  degree 
of  their  accuracy  proved  to  be  insufficient  to  repay  the  labor  which  had 
been  bestowed-  upon  them.  Finding  a  larger  class  of  instruments  to  be 
indispensable,  Mr.  Bache  had  recourse  to  the  prime  vertical  transit,  the 
zenith  telescope  or  equal  altitude  instrument,  and  the  zenith  sector  ;  each 
provided  with  a  telescope  of  forty-five  inches  focal  length. 

The  method  of  determining  latitude  by  observations  of  transits  of 
stars  over  the  prime  vertical,  first  used  by  Bessel,  is  admirable  in  theory, 
but  in  practice  a  great  loss  of  time  and  labor  is  often  occasioned  by  clouds, 
which  interfere  with  obtaining  corresponding  sets  of  eastern  and  western 
transits ;  and  for  operations  in  the  field  this  method  is  found  to  present  less 
advantages  than  others. 

The  zenith  telescope,  or  equal  altitude  instrument,  was  first  applied  to  the 
determination  of  latitude  by  Capt.  A.  Talcott,  late  an  officer  in  the  United 
States  army,  and  has  been  remodeled  and  specially  adapted  to  the  purpose 
in  the  Coast  Survey,  where  it  has  become  the  favorite  instrument  on  account 
of  the  great  number  and  accuracy  of  the  results  that  can  be  obtained  in  a 
given  time,  and  the  facility  with  which  it  is  used.  It  is  employed  in  deter- 
mining latitudes  by  measuring,  with  an  attached  micrometer,  the  differences 
of  zenith  distance  of  stars  culminating  within  a  short  time  of  each  other,  at 
nearly  the  same  altitude,  on  opposite  sides  of  the  zenith.  From  the  star 
catalogue  of  the  British  Association  may  be  selected  any  desirable  number 
of  pairs  of  stars  having  the  required  relative  positions.  If,  after  pointing 
the  micrometer  wire  in  the  telescope  to  a  star  at  its  meridian  passage  south 
of  the  zenith,  and  revolving  the  instrument  about  its  vertical  axis,  the 
telescope  remaining  at  a  fixed  inclination,  we  find  that  a  star  culminating 
north  of  the  zenith  passes  precisely  on  the  same  wire,  we  infer  that  the 
zenith  is  exactly  midway  between  the  two  stars,  and  consequently  that  its 
distance  from  the  celestial  equator,  or  the  latitude  of  the  place,  is  equal  to 
the  mean  or  half  sum  of  the  declinations  of  the  two  stars  observed.  If,  fur- 
thermore, the  second  star  does  not  pass  precisely  on  the  wire,  but  still  in  the 
field  of  the  telescope,  we  are  able  to  measure  the  difference  of  zenith  dis- 
tance by  means  of  the  micrometer,  and  correct  by  half  that  amount  the  half 
sum  of  the  declinations.  By  means  of  a  delicate  level  attached  to  the  instru- 
ment we  keep  account  of  its  deviation  from  the  true  vertical.  The  whole 
observation  thus  consists  of  pointing  and  reading  the  micrometer,  and  not- 
ing the  level,  in  each  position  of  the  instrument. 

This  method  possesses  also  the  great  advantage  that  the  result  is  nearly 
free  from  the  effects  of  refraction,  which  enters  only  so  far  as  the  difference 
of  zenith  distance  is  affected  by  it ;  the  correction  for  refraction  never  ex- 
ceeds a  quarter  of  a  second. 

The  observations  with  the  zenith  telescope  being  considerably  more  accu- 
rate than  the  positions  of  the  stars  in  the  British  Association's  catalogue,  it 
has  been  preferred  rather  to  increase  the  number  of  pairs  employed,  than  to 
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multiply  observations  on  the  same  pairs.  In  practice,  from  twenty-five  to 
forty  pairs  of  stars  are  observed,  at  a  station  ;  with  from  four  to  six  observa- 
tions on  each  pair,  on  different  nights.  The  probable  error  of  a  single  ob- 
servation with  the  zenith  telescopes  used  in  the  Coast  Survey  is  from  three 
to  five-tenths  of  a  second ;  while  the  probable  error  of  the  catalogue  planS- 
considerabl^exceeds  one  second.  The  Greenwich  observations,  and  other 
recent  catalogues,  frequently  supply  better  pla^than  the  larger  catalogue 
just  referred  to  ;  and  thus  contribute  to  improve  the  result. 

Prof.  Bache  has  at  various  times  communicated  to  the  American  Associa- 
tion uotes  on  the  use  of  the  instrument  in  question,  and  at  the  Baltimore  meet- 
ing read  a  paper  showing  the  remarkable  result  that  when  at  a  station  the  same 
stars  are  observed  by  the  same  observers  with  different  zenith  telescopes,  and 
by  different  observers  with  the  same  instrument,  results  almost  identical  were 
obtained ;  setting  at  rest  the  question  of  any  residual  personal  or  instru- 
mental errors.  It  may  safely  be  predicted  that  this  simple  and  effective  in- 
strument is  destined  to  supersede  all  others  for  the  determination  of  latitudes 
in  the  field,  and  it  is  proper  here  to  state  that  the  recent  assertion  of  Mr. 
Porro,  a  French  engineer,  that  the  method  used  in  America  is  merely  Gauss' 
method  of  equal  altitudes,  is  founded  on  an  entire  misconception  of  the 
method  and  instrument  as  used  in  this  country. 

The  zenith  sector  of  the  Coast  Survey  is  constructed  on  the  plan  designed 
by  Mr.  Airy,  the  Astronomer  Royal  of  England,  and  is  similar  to  the  one 
recently  used  in  the  British  Ordnance  Survey,  but  possessing  some  improve- 
ments in  the  details  suggested  by  the  use  of  the  latter.  It  is  an  admirable 
instrument,  perfect  in  design,  and  in  point  of  accuracy  compares  well  with 
a  zenith  telescope  of  equal  power :  but  its  ponderousness  and  the  greater 
labor  attendant  on  its  use  make  it  less  eligible  for  observation  in  the  field. 
Its  capabilities,  however,  are  much  greater  than  those  of  the  zenith  telescope, 
inasmuch  as  it  measures  absolute  zenith  distances.  It  has  been  used  with 
great  success  at  six  of  the  principal  stations  of  the  survey,  and  will  be  found 
described  and  figured  in  one  of  the  forthcoming  volumes  of  the  Coast  Sur- 
vey Records  and  Results. 

Irregularities  of  the  Earth's  Figure. — When  the  latitudes  observed 
at  different  stations  are  referred  to  one  another,  by  means  of  geodetic  differ- 
ences of  latitude,  there  are  discovered  certain  discrepancies,  much  larger 
than  could  result  from  the  probable  residual  errors  of  observation — discrep- 
ancies, therefore,  which  can  only  be  ascribed  to  local  irregularities  in  the  fig- 
ure and  density  of  the  earth,  and  which  have  been  called  station  <  rrors.  They 
are  similar  to  those  which  are  caused  by  the  proximity  of  mountains  ;  but 
they  occur  where  the  external  configuration  of  the  earth's  (  rust  would  not 
indicate  the  probability  of  their  existence.  Prof.  Bache  recognized  this 
source  of  error  as  early  as  the  year  1844;  and  as  a  consequence,  he  deter- 
mined to  carry  a  continuous  series  of  astronomical  stations  through  the  pri- 
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mary  triangulation,  in  order  to  arrive  as  nearly  as  possible  at  the  true  figure 
of  the  portion  of  the  earth's  surface  on  which  he  was  engaged. 

The  elements  of  the  figure  of  the  earth  used  in  these  comparisons  are 
those  obtained  by  Bessel  in  his  last  discussion  of  the  results  of  ten  measures 
of  arcs.  It  is  an  interesting  fact,  which  it  is  here  in  place  to  mention,  that 
the  observed  difference  of  latitude  of  the  extremities  of  the  arc  at  present 
comprehended  under  the  connected  triangulation  of  the  American  Coast 
Survey,  agrees  very  closely  with  the  geodetic  difference  as  computed  from 
Bessel's  elements.  This  arc  extends  from  Maine  to  Maryland,  over  .about 
five  degrees  of  latitude  and  six  and  a  half  of  longitude  ;  in  intermediate 
portions  of  its  length,  the  deviation  from  the  mean  ellipsoid  reaches  three 
seconds  of  arc  and  over.  The  laws  which  govern  these  irregularities  are 
still  the  subject  of  investigation.  In  the  eastern  portion  of  the  survey, 
where  the  earth's  crust  has  been  more  disturbed,  the  average  amount  of  sta- 
tion  error  is  between  one  and  two  seconds  of  arc ;  but  it  amounts  to  only 
about  half  a  second  in  the  sections  south  of  the  Delaware,  where  the  diluvi- 
um rests  apparently  undisturbed. 

Observations  of  Azimuth. — Observations  of  azimuth  are  made  at  all 
the  latitude  stations.  The  instruments  used  are  the  same  as  those  employed 
in  the  measurement  of  the  angles  in  the  primary  triangulation.  The  meridian 
is  determined  by  observations  made  on  the  pole  star  or  other  close  circumpolar 
stars,  principally  when  the  object  is  near  its  greatest  elongations.  The  mo- 
tion of  the  star%  in  azimuth,  at  these  points  of  its  revolution,  being  almost 
imperceptible,  the  result  will  be  practically  independent  of  the  time.  More- 
over, if  observations  be  taken  within  forty-five  minutes  on  either  side  of  the 
elongation,  they  can  be  reduced  to  that  position  by  a  most  simple  formula. 
The  pole-star,  however,  even  at  its  culminations,  moves  so  slowly  in  azimuth, 
that  the  liability  to  error  in  pointing  is  found  to  be  no  greater  at  those 
periods  than  at  the  elongations ;  and  Mr.  Bache  has  finally  pursued  some- 
times the  plan  of  observing  the  star  at  equal  intervals  on  both  sides  of  the 
meridian  before  and  after  the  culmination.  When  this  method  is  employed, 
the  reduction  is  simplified  into  a  mere  taking  of  means  :  and  it  may  here  be 
noticed,  that  in  these  as  in  all  analogous  processes,  it  has  been  the  aim  of  the 
Superintendent  so  to  arrange  the  methods  of  observing,  as  to  diminish  as  far 
as  practicable  the  labor  and  liability  to  error  of  the  computations.  The 
azimuths  are  liable  to  irregularities  similar  to  those  which  have  been  de- 
scribed as  affecting  the  latitudes  :  and  a  comparison  of  azimuths  observed  at 
different  stations,  extreme  and  intermediate,  has  manifested  the  existence  of 
station  errors  among  them,  which  can  only,  like  the  former,  be  referred  to 
local  variations  of  level. 

Observations  of  Time  and  Longitude. — Observations  of  local  time 
are  made  in  connection  with  those  of  latitude  and  azimuth  :  the  instruments 
employed  being  generally  portable  transit  instruments  of  from  twenty-six  to 
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forty-eight  inches  focal  length,  constructed  by  Simms  of  London  and  Wur- 
demann  of  Washington.  For  time-keepers,  chronometers  by  the  best 
makers  are  used,  except  for  telegraphic  determinations  of  longitude,  when 
astronomical  clocks  are  employed. 

In  the  plan  of  reorganization  of  the  survey,  in  1843,  it  was  "  urged,  and 
deemed  essentially  necessary,  that  the  difference  of  longitude  between 
some  main  points  of  the  survey,  and  the  meridian  of  any  or  all  of  the 
European  observations,  be  ascertained  immediately."  In  order  to  carry 
into  effect  this  important  injunction,  Prof.  Bache  has  availed  himself  of 
every  means  science  could  afford.  All  the  observations  obtainable  of  eclipses, 
occultations  and  moon  culminations  made  in  this  country  previously  to  1844, 
together  with  the  simultaneous  observations  made  abroad,  so  far  as  they 
could  be  found,  have  been  collected  and  reduced :  and  similar  observations 
have  since  been  continued  at  Cambridge,  Philadelphia,  Washington,  Charles- 
ton and  Cincinnati.  All  these  stations  being  connected  by  the  electric  tele- 
graph, their  differences  of  longitude  have  been  determined  with  great  accu- 
racy ;  and  all  the  results  are  referred  to  Cambridge  as  a  common  station  of 
reference. 

The  difference  of  longitude  between  Cambridge  and  Liverpool  has  also 
been  determined  by  means  of  large  numbers  of  chronometers  carried  re- 
peatedly between  the  two  stations  on  the  Cunard  steamships.    These  chro- 
nometric  expeditions,  in  the  words  of  Mr.  W.  C.  Bond,  director  of  the  Har- 
vard University  Observatoiy,  "  for  the  magnitude  and  completeness  of  their 
equipments,  have  not  been  equalled  by  any  of  the  similar  undertakings  of 
European  governments.    Even  the  '  Expedition  chronometrique 5  of  Struve 
was  on  a  scale  much  less  extensive."    The  voyages  were  continued  through 
a  number  of  successive  years.    The  first  great  special  expedition  took  place 
in  1849,  and  the  most  recent  in  1855.    In  the  latter  the  effect  of  tempera- 
ture on  the  rate  of  the  chronometers  formed  a  subject  of  special  investiga- 
tion.   For  each  instrument  the  effect  of  temperature  on  its  rate  was  ascer- 
tained by  experiment,  and  the  average  temperature  during  each  trip  was  kept 
account  of  by  means  of  a  thermometric  chronometer,  constructed  like  the 
others,  but  with  undivided  balance,  so  that  its  daily  rate  was  affected  by  six 
seconds  for  a  change  in  temperature  of  1°  Fahr.  Fifty-two  chronometers  were 
employed  in  this  expedition,  and  were  transported  six  times  bet  ween  Cam- 
bridge and  Liverpool;  giving  nearly  300  individual  longitude  determina- 
tions, with  a  probable  error  of  the  mean  result  of  two-tenths  of  a  second  of 
time.    Yet  this  result  differs  by  more  than  a  second  of  time  from  that  of  the 
expedition  of  preceding  years,  giving  4h  44,n  31\8  for  the  longitude  between 
Greenwich  and  Cambridge,  while  the  former  expeditions  had  given  30\6, 
The  results  by  the  astronomical  methods  also  differ,  eclipses  and  occultations 
giving  29\5,  and  moon-culminations  28\5.    The  results  by  the  latter  m<  tbod 
are  doubtless  liable  to  large  constant  errors.    Indeed,  each  method  appears 
to  be  affected  by  sources  of  constant  error  which  no  accumulation  of  results 
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will  eliminate,  and  a  greater  approach  to  the  truth  must  be  sought  by 
multiplying  methods  as  far  as  practicable. 

It  is  to  be  hoped  that  a  submarine  telegraph  will  ere  long  afford  another, 
and  perhaps  very  accurate  method  of  verifying  those  results,  and  determin- 
ing the  longitude  within  the  narrowest  limits  of  error. 

The  differences  of  longitude  between  Cambridge  and  the  principal  sta- 
tions of  the  survey  in  other  sections  are  determined  by  the  aid  of  the  elec- 
tric telegraph,  wherever  this  has  been  established.  In  this  method,  which  is 
by  far  the  most  accurate  for  determining  difference  of  longitude,  the  Coast 
Survey  has  taken  the  lead,  and  has  brought  it  to  a  great  state  of  perfection, 
which  subsequent  operations  of  a  similar  nature  executed  in  Europe  have 
not  yet  reached.  The  idea  of  comparing  the  local  time  of  different  places 
by  means  of  the  electric  telegraph  is  sufficiently  obvious,  and  dates  from  the 
conception  of  the  telegraph  itself ;  but  the  refined  methods  by  which  the 
intervention  of  human  senses  and  operations,  and  the  consequent  liabilities 
to  error,  are,  in  the  greatest  possible  degree,  avoided,  and  by  which  the 
time  of  transmission  is  measured  and  eliminated  from  the  longitude,  have 
been  the  result  of  careful  study  and  long  experience.  The  method  of  re- 
cording observations  of  time  on  a  chronographic  register,  by  means  of  a  gal- 
vanic circuit,  known  in  Europe  as  the  American  method,  originated  in  the 
Coast  Survey  with  the  first  attempts  to  determine  longitude  by  means  of  the 
electro-magnetic  telegraph.  The  chrono graphic  record  is  made  on  a  cylin- 
der, revolving  with  nearly  uniform  velocity,  covered  with  a  sheet  of  paper, 
upon  which  a  pen  traces  a  line,  interrupted  or  deflected  for  an  instant, 
through  the  agency  of  an  electro-magnet,  every  time  the  pendulum  of 
the  clock  passes  the  vertical,  and,  in  doing  so,  interrupts  a  galvanic  cir- 
cuit. Either  cylinder  or  pen  are  at  the  same  time  slowly  moving  length- 
wise ;  so  that  the  line  formed  is  a  long  spiral,  which  is  thus  graduated  into 
spaces  corresponding  to  seconds  of  time,  and  described  with  uniform  veloc- 
ity. When  any  instant  of  time  is  to  be  recorded,  the  observer  strikes  a 
finger  key,  which  also  breaks  the  galvanic  circuit,  and  causes  a  similar  mark 
to  be  made  on  the  record  ;  the  position  of  which,  in  reference  to  the  adja- 
cent seconds  marks,  can  be  read  off  with  great  precision.  In  the  chrono- 
graphs employed  in  the  Coast  Survey,  a  second  is  generally  represented  by 
from  one-half  to  three-quarters  of  an  inch,  the  cylinder  being  regulated  so 
as  to  make  one  revolution  in  half  a  minute.  By  an  ingenious  arrangement 
in  the  clock,  the  break  for  every  sixty  seconds  or  minute  is  omitted,  and 
every  live  minutes  two  breaks  are  omitted.  By  this  means,  a  whole  sheet 
may  be  read  off  without  any  other  note  than  the  time  of  beginning  and 
ending. 

The  method  of  determining  longitudes  by  means  of  the  electric  telegraph 
is  substantially,  and  in  brief,  as  follows : — A  transit  instrument,  astronomical 
clock,  and  chronograph,  is  mounted  at  each  station.  After  suitable  observa- 
tions for  instrumental  corrections  at  each  station,  which  are  recorded  only  at 
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the  place  of  observation,  the  clock  at  the  eastern  station  is  first  put  in  con- 
nection with  the  circuit,  so  as  to  write  on  the  chronograjDhs  at  both  stations. 
A  number  of  stars,  culminating  near  the  zenith  of  the  two  stations,  are  se- 
lected by  the  observers.  As  they  appear  first  upon  the  eastern  meridian, 
their  transit  is  recorded  by  the  observer  striking  the  finger  key  upon  the 
chronographic  registers  at  both  stations.  After  an  interval  of  time  equiva- 
lent to  thedifference  of  longitude  between  the  two  places,  which  is  meas- 
ured by  the  clock,  the  same  stars  appear  on  the  western  meridian,  and  the 
observer  at  that  station  records  this  transit  precisely  as  the  other  had  done  ; 
and  the  difference  of  the  two  records  of  time  is  the  measure  of  the  differ- 
ence of  longitude. 

It  will  be  observed  that  these  records  have  been  obtained  at  both  sta- 
tions ;  and  a  little  reflection  will  show  that  if  there  be  any  sensible  interval 
of  time  consumed  in  the  transmission  of  the  signals,  the  difference  of  longi- 
tude obtained  from  the  record  at  the  eastern  station  will  be  too  great  by 
that  interval,  and  that  at  the  western  station  will  be  too  small  by  the  same 
amount.  The  mean  result  will  give  the  longitude  free  from  this  error,  and 
the  difference  measure  the  time  of  transmission  of  the  signals  through  the 
whole  circuit. 

Ten  stars  are  generally  exchanged  with  the  eastern  clock  in  the  circuit, 
and,  after  the  first  five,  the  transit  instrument  is  reversed,  so  as  to  eliminate 
any  residual  error  in  the  correction  for  collimation.  The  western  clock  is 
next  put  on,  and  the  same  operation  repeated  with  ten  other  zenith  stars. 
ISTot  only  is  the  result  improved  by  the  accumulation  of  individual  results, 
but  the  advantage  is  gained,  that  the  interval  is  measured  by  another  clock, 
and  the  time  of  transmission  eliminated  in  the  inverse  order  of  effects.  The 
transits  of  the  stars  are  generally  recorded  over  fifteen  wires.  After  the 
exchange  of  signals  by  the  second  clock  is  completed,  local  observations  for 
instrumental  corrections  are  again  made,  which  conclude  the  night's  work. 
These  operations  are  repeated  on  at  least  three  different  nights ;  after  which 
the  observers  and  instruments  exchange  places,  so  as  to  eliminate  the  possi- 
ble errors  arising  from  causes  connected  with  their  individual  peculiarities. 

By  the  perfect  and  admirable  method  just  sketched,  we  are  able  to  meas- 
ure arcs  of  longitude  with  the  same  degree  of  accuracy  with  which  arcs  of 
latitude  have  heretofore  been  ascertained ;  and  a  new  element  has  thus  been 
introduced  into  Geodesy.  Since  the  general  introduction  of  the  electric 
telegraph  and  the  development  of  the  American  method  of  longitudes,  it 
has  been  applied  to  many  of  the  older  European  geodetic  surveys  ;  and  in 
general  a  very  full  acknowledgment  has  been  made  of  their  indebtedness  to 
American  science  by  the  eminent  geome^S-  having  charge  of  such 
works,  with  the  single  exception  of  Mr.  Le  Verrier,  who  has  math- 
use  of  the  earlier  methods  of  the  Coast  Survey,  since  abandoned 
for  others  more  perfect,  without  any  mention  of  their  origin,  in  his 
report  to  the  Academy  of  Sciences.    It  was  one  of  the  earliest  discoveries 
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resulting  from  the  telegraphic  determinations  of  longitude,  that  the  time  of 
transmission  of  signals  between  stations  several  hundred  miles  apart  is  quite 
sensible,  and  that  it  appears  in  a  great  degree  to  depend  on  the  distance. 
On  the  telegraph  lines  used  in  this  country,  where  large  iron  wire  is  em- 
ployed, and  the  circuit  is  completed  through  the  earth,  the  rate  of  transmis- 
sion has  been  found  to  be  from  11,000  to  20,000  miles  per  second.  Whether 
this  actually  was  the  velocity  of  the  galvanic  current,  or  whether  it  rather 
measures  the  time  during  which  the  current  must  be  established  in  order  to 
produce  the  effects  that  we  observe,  is,  for  the  present,  an  unsolved  question. 

The  telegraphic  determinations  of  longitude  have  been  extended  from 
Washington  northward  to  Philadelphia,  New  York,  Cambridge,  Bangor, 
and  Halifax,  and  southward  to  Petersburg,  Wilmington,  Charleston,  Savan- 
nah, Mobile,  and  New  Orleans. 

Great  credit  is  due  to  the  public  spirit  of  the  telegraph  companies,  who 
have  extended  every  facility  to  the  operations  of  the  Coast  Survey,  and 
have  given  the  use  of  the  line,  after  the  working  hours,  free  of  charge. 

In  sections  of  the  coast  to  which  the  telegraph  has  not  yet  penetrated, 
such  as  Florida,  Texas,  and  the  Pacific  Coast,  the  longitudes  of  cardinal 
points  are  determined  by  observations  of  moon  culminations,  and  by  chro- 
nometers. Corresponding  observations  of  moon  culminations  are  made  at 
several  American  observatories,  at  the  expense  of  the  Coast  Survey ;  and 
most  valuable  aid  is  derived  from  the  series  of  meridian  observations  of  the 
moon  made  at  Greenwich,  which  are  always  most  promptly  obtained  through 
the  kindness  of  the  Astronomer  Royal.  The  manner  in  which  the  reduc- 
tions are  made  to  keep  pace  with  the  observations  at  the  latter  observatory 
is  admirable,  and  worthy  of  general  imitation. 

The  chronometric  determination  of  longitude  between  Savannah,  and 
Fernandina,  in  Florida,  tlie  details  of  which  have  been  communicated  to 
the  American  Association  at  the  Montreal  meeting,  may  serve  in  plan  of 
•execution  and'  mode  of  discussion  as  a  model  for  operations  of  a  similar 
character. 

Observations  ox  the  Magnetic  Elements. — Observations  of  magnetic 
-declination,  dip,  and  intensity  are  made  at  all  points  where  it  is  desirable  for 
purposes  of  navigation  that  the  declination  should  be  known ;  and  also  at 
many  stations  of  the  primary  triangulation,  generally  those  where  astronom- 
ical observations  are  likewise  made. 

The  instruments  employed  are  similar  to  those  used  in  the  British 
magnetic  surveys:  beings  declinometers  and  horizontal  force  magnetometers 
<m  the  plans  of  Gauss  and  Weber,  Lloyd  and  Lamont,  by  Jones,  of  London  ; 
and  dip  circles  by  Barrow  and  Gambey,  provided  with  Lloyd  needles  for 
total  intensity.  In  this  manner  are  obtained  not  only  the  variations  of  the 
compass  required  for  the  charts,  but  important  contributions  also  to  our 
knowledge  of  the  earth's  magnetism,  which  have  already  borne  fruit  in  the 
construction  of  a  magnetic  chart  for  the  United  States.    This  subject,  one 
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of  great  scientific  importance,  will  be  found  referred  to  more  at  length  in 
the  second  part  of  this  report. 

Determinations  of  Level.— The  heights  of  the  trigonometrical  sta- 
tions above  the  level  of  the  sea  are  determined,  generally,  by  observations  , 
of  reciprocal  zenith  distances,  which  observations  are  frequently  checked  by 
direct  levellings  from  the  ocean.  Interesting  comparisons  are  in  progress 
between  the  results  obtained,  and  those  which  are  furnished  by  barometric 
and  thermometric  measurements. 

Plane-Table  Topography. — The  topographical  survey  is  executed 
with  the  plane-table.  The  outlines  of  the  shore,  the  irregularities  of  the 
surface,  the  forms  and  dimensions  of  hills,  forests,  streams,  rocks,  meadows, 
towns,  and  villages,  are  all  represented  by  certain  conventional  modes  of 
drawing.  The  topographical  maps  are  generally  surveyed  on  a  scale  of 
to  loo  of  the  natural  dimensions.  In  localities  where  a  great  amount  of 
detail  is  to  be  represented,  such  as  large  cities  and  their  vicinity,  a  scale  of 

5  oVo  is  employed,  while  on  flat  and  thinly  settled  ranges  of  the  coast  a 
scale  of  2"oioo-  is  used.  The  extent  of  ground  represented  upon  a  single 
topographical  sheet  depends  upon  the  scale;  on  a  scale  of  yoloo?  or  about 

6  inches  to  the  mile,  a  square  foot  of  the  drawing  represents  about  4  square 
miles  of  the  surface  of  the  earth.  The  size  of  the  sheets  is  generally 
30  inches  by  48. 

On  the  sheets  drawn  in  the  field,  the  irregularities  of  the  surface, — the 
hills  and  depressions, — are  indicated  by  curves,  or  contour-lines,  representing 
the  intersections,  with  the  natural  surface,  of  a  system  of  horizontal  planes, 
one  above  another,  at  equal  distances  apart,  measured  vertically.  In  the 
reduced  drawings  for  the  engraved  charts,  the  spaces  between  these  hori- 
zontal lines  are  filled  up  with  hachures,  the  darkness  of  the  shade  being- 
made  proportional  to  the  steepness  of  the  slope,  according  to  a  system 
somewhat  modified  from  that  of  Lehmann.  Scales  of  shades  have  been 
printed,  showing  the  distance  between  the  hachures  and  the  strength  of 
stroke  adapted  to  different  scales  of  the  maps.  The  absence,  in  general,  of 
very  abrupt  slopes,  and  the  frequency  of  gentle  ones,  rendered  necessary 
the  modification  of  the  Lehmann  system.  The  topographical  survey  is 
carried  as  far  inland  as  is  required  for  purposes  of  navigation,  and  for  the 
defence  of  the  coast. 

The  Hydrograpiiic  Survey. — Next  in  order,  and  based  upon  the 
positions  furnished  by  the  triangulation  and  topographical  survey,  conies  the 
hydrography.  This  department  of  the  survey  supplies  the  results  which 
are  of  most  universal  interest  to  the  public,  and  of  which  the  practical 
utility  is  most  easy  to  be  understood.  By  a  thorough  system  of  hydrographic 
survey,  the  configuration  of  the  bottom  of  the  ocean  is  mapped  out,  new 
channels  are  discovered,  hidden  dangers  are  detected,  the  situations  of  rocks 
and  shoals  which  were  but  imperfectly  known  are  determined  with  accuracy, 
the  peculiarities  of  the  tictes  and  of  the  direction  and  velocity  of  tidal 
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currents  are  made  apparent,  and  the  most  suitable  positions  are  deter- 
mined for  the  planting  of  buoys  and  the  erection  of  beacons  and  light- 
houses. 

Soundings  are  taken  with  such  frequency  as  to  exhibit  accurately  the 
variations  of  depth  of  water;  the  number  of  casts  of  the  lead  depending 
on  the  degree  of  irregularity  of  the  bottom,  or  its  greater  or  less  declivity. 
The  casts  are  determined  in  position  relatively  to  the  trigonometrical 
stations,  generally  by  means  of  angles  measured  with  the  sextant  at  the 
place  of  sounding,  and  sometimes  by  the  use  of  two  theodolites  on  shore. 
In  soundings  off  the  coast,  and  in  cases  where  extreme  accuracy  of  position 
is  necessary,  as  in  the  determination  of  sunken  rocks,  the  latter  is  the 
method  preferred.  The  position  of  the  sounding  vessel  is  not,  in  practice, 
determined  at  every  sounding,  but  at  every  sixth  or  tenth,  according  to 
frequency;  and  the  intermediate  soundings,  being  taken  at  equal  intervals 
of  time,  are  laid  down  at  equal  intervals  between  the  positions  determined 
by  angles. 

The  soundings  extend  from  the  shore,  and  from  the  head  of  tide-water 
generally,  as  far  seaward  as  the  exigencies  of  navigation  require.  One  of 
their  principal  uses  being  to  assist  the  mariner  in  determining  his  position, 
it  is  desirable  that  the  record  should  exhibit  not  merely  the  depth,  but  the 
character  also  of  the  bottom.  The  sounding  leads  are,  accordingly,  provided 
with  an  apparatus  designed  to  bring  up  along  with  it  a  portion  of  the 
sedimentary  material  which  it  encounters ;  and  specimens  of  the  varieties  of 
this  material  from  different  localities  are  preserved  among  the  collections  of 
the  Coast  Survey,  and  the  respective  characteristics  of  the  bottom  are 
indicated  on  the  charts. 

Microscopic  examinations  of  many  of  these  specimens  have  shown  them 
to  be  crowded  with  organisms,  of  which  the  number  and  the  genera  vary 
with  the  depth  ;  and  hence  it  is  not  impossible  that  science  may  discover, 
in  the  laws  governing  the  distribution  of  microscopic  forms  in  the  bottom  of 
the  ocean,  an  additional  means  of  assisting  the  mariner  to  determine  his 
position  at  sea. 

Various  improvements  in  the  apparatus  for  bringing  up  these  specimens 
of  the  bottom  have  been  introduced  in  the  course  of  the  Survey,  invented 
by  naval  officers  while  prosecuting  these  researches :  among  them  may  be 
mentioned  Stellwagen's  attachment  to  the  lead, — a  metallic  cup,  with  a  circu- 
lar leather  valve,  closed  by  the  pressure  of  the  water  in  being  drawn  up, — 
a  contrivance  in  common  use,  and  answering  very  well  the  purpose  intend- 
ed, in  moderate  depths.  For  greater  depths,  Craven's  specimen-box, 
with  a  metallic  hinged  valve  or  lid,  and  Sand's  specimen-box,  with  a  sliding 
valve  closed  by  the  action  of  a  spiral  spring,  are  used  with  success. 
For  soundings  exceeding  100  fathoms  in  depth,  Massey's  self-registering 
sounding  machine  is  used  in  connection  with  the  lead  and  line,  with  several 
improvements  suggested  by  its  use. 
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The  hydro-graphic  sheets  are  drawn  on  scales  varying  from  j¥Vb  *° 
*  oio  o>  tne  more  usual  scales  being  those  ofy^i^  and  yT|T ¥. 

Observations  ox  the  Tides. — In  order  to  reduce  all  the  soundings  to 
the  depth  at  mean  low-water,  the  level  of  which  is  assumed  for  the  plaitof 
reference,  observations  of  the  tides  pf  sufficiently  long  duration  for  this  pur- 
pose are  t  made  by  the  hydrographic  parties  as  part  of  the  programme  of 
their  work.  These  are  in  connection  with  the  system  of  more  long-con- 
tinued observations  made  at  selected  points  of  the  coast,  where  tidal  regis- 
ters have  been  kept  up  with  great  attention  and  perseverance,  for  the  pur- 
pose of  ascertaining,  upon  the  basis  of  extensive  observation,  the  complicated 
laws  governing  the  tides  in  the  different  seas  which  wash  our  shores.  The 
observations  have  been  made  half-hourly,  at  a  number  of  stations,  for  vari- 
ous periods  of  from  one  to  three  years.  At  intermediate  stations,  half-hourly 
observations  during  two  lunations  are  found  to  be  sufficient  to  determine 
the  constants. 

A  self-registering  tide-gauge  is  much  used,  by  which  a  continuous  curve 
representing  the  successive  changes  in  the  height  of  water  is  traced  on  paper 
moved  by  clock-work,  by  a  pencil  actuated  by  the  rising  and  falling  of  a 
float  in  a  vertical  box,  to  which  the  tide  has  free  access.  The  superinten- 
dent engages  personally  in  the  discussion  of  this  most  interesting  subject ; 
and  he  has  made  several  communications  to  the  Association  to  whom  this 
committee  owe  their  appointment,  on  the  nature  of  these  researches,  and 
the  results  attained,  which  are  to  be  found  among  the  published  transac- 
tions. 

This  subject  is  the  more  important  from  the  fact  that  the  tides  of  the 
Atlantic,  the  Pacific,  and  the  Mexican  Gulf  coasts  of  the  United  States  pre- 
sent three  distinct  types.  The  diurnal  tide,  which  is  moderately  large  on 
the  Atlantic  coast,  and  produces  a  diurnal  inequality  in  height  and  time 
which  is  perceptible  without  being  excessive,  is  very  great  on  the  Pacific  ; 
and  in  the  Gulf  of  Mexico  its  predominance  is  so  decided  that  the  semi-diur- 
nal tide  is  almost  obliterated. 

In  addition  to  these  investigations,  which  relate  to  the  general  phenom- 
ena of  the  tides,  careful  observations  are  made  upon  the  direction  and 
velocity  of  the  currents  which  the  tides  produce.  The  information  tlms 
obtained  is  of  no  less  importance  to  the  mariner,  than  a  knowledge  of  the 
amount  of  rise  and  fall  of  the  water.  It  is  accordingly  embodied  in  tin1 
charts,  along  with  those  other  matters  of  varied  imformation  which  have 
been  enumerated  as  essential  to  the  safety  of  navigation  ;  and  thus  const  i- 
tutes  the  final  contribution  to  that  fund  of  positive  knowledge  of  the  Bea 
and  its  bed,  of  its  changes  and  the  laws  that  govern  them,  on  which  tin1 
commerce  of  the  country  so  largely  depends  for  its  s;ilW y. 

Exploration  of  the  Gulf  Stream. — A  hydrographic  survey  of  our 
coast  would  be  incomplete,  if  it  did  not  embrace  the  investigation  of  the 
remarkable  ocean  current  which  divides  the  waters  adjacent  to  OUT  Atlantic 
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coast  from  the  wide  ocean  beyond.  The  importance  of  its  explanation  is 
recognized  in  the  original  law  of  1807,  by  extending  the  scope  of  the  survey 
so  as  to  embrace  it.  On  assuming  charge  of  the  work,  Prof.  Bache  at  once 
organized  a  system  of  observations  for  the  purpose  of  determining  its  limits 
and  principal  characteristics. 

Previous  to  that  time,  casual  observations  had  b<5en  made  by  private 
and  public  vessels  of  England  and  America,  the  results  of  which  were  col- 
lected by  Major  James  Rennell,  F.  R.  S.,  and  published  in  his  work  on  the 
currents  of  the  Atlantic  ocean.  These  observations  were  confined  to  the 
surface,  and  gave  only  vague  results. 

The  method  of  exploration  adopted  by  Professor  Bache  was,  to  deter- 
mine the  limits  of  the  stream  by  the  temperature  of  its  waters  at  all  depths, 
by  means  of  deep  sea  thermometers,  along  lines  perpendicular  to  its  several 
directions.  This  work  was  commenced  in  1845,  and  has  been  continued  up 
to  the  present  time.  Sixteen  sections  have  been  run  across  the  stream  at 
different  points  of  the  coast,  along  which  the  temperature  of  the  water  at 
various  depths  has  been  determined,  and  also  sections  of  the  bottom, 
wherever  it  has  been  found  possible  to  obtain  soundings. 

For  these  explorations  thermometers  are  required  specially  adapted  to 
the  purpose.  Ordinary  thermometers  would  indeed  suffice  for  observing  the 
temperature  of  the  surface,  but  in  order  to  obtain  that  prevailing  at  some 
depth  it  is  necessary  that  they  should  be  self-registering,  and  able  to  with- 
stand the  crushing  pressure  of  the  water.  They  must  be  of  simple  con- 
struction, not  liable  to  derangement  by  ordinary  shocks,  nor  affected  in  their 
indications  by  the  enormous  pressure  to  which  they  are  exposed ;  they  must 
readily  acquire  the  temperature  of  the  water,  which  should  have  free  access 
to  all  parts,  and  they  must  therefore  be  made  of  materials  not  liable  to  cor- 
rosion by  salt  water.  After  many  experiments  on  a  variety  of  instruments, 
as  Rutherford's,  Sixe's,  Breguet's,  and  Jurgensen's,  the  metallic  self-register- 
ing thermometers  invented  by  Saxton,  the  assistant  of  Prof.  Bache  in  the 
office  of  weights  and  measures,  was  found  best  to  fulfil  the  above  condi- 
tions, and  it  has  superseded  all  others  in  use.  The  statistical  table  shows 
that  over  3400  cast  have  been  made  and  registered  for  depth  and  tempera- 
ture of  the  Gulf-stream.  The  results  arrived  at  from  the  discussion  of  these 
observations  will  find  mention  in  the  second  part  of  this  report. 

The  work  is  still  in  active  progress  ;  and  it  is  much  to  be  desired  that 
the  exploration  eastward  from  the  American  side  of  the  northern  part  of 
the  stream,  should  be  met  by  a  corresponding  exploration  from  the  shores  of 
Great  Britain  westward,  which  would  complete  our  knowledge  of  the  Gulf- 
stream,  throughout  its  whole  extent  from  the  shores  of  Florida  to  those  of 
Ireland. 

Office-Work  and  Publication  of  Charts. — The  results  of  the 
field-work  are  prepared  for  publication  at  the  office  of  the  Coast  Survey,  in 
Washington  City.    The  reductions  of  geodetic  and  astronomical  observa- 
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tions  are,  in  the  first  instance,  made  by  the  observers  themselves ;  but  a 
second  computation  is  independently  made  in  the  computing  division  of  the 
office  by  persons  having  no  connection  with  the  field-work.  Strict  scrutiny 
of  the  observations,  and  perfect  security  against  errors  of  computation,  are 
thus  insured  ;  the  tyro  computations  being  examined  and  compared  by  an 
experienced  person,  who  refers  whatever  discrepancies  may  appear  to  exist 
to  the  Superintendent; 

Of  the  formula  and  methods  employed  in  the  computation,  not  even  a 
sketch  can  be  given  in  a  general  review  like  the  present.  It  will  be  suffi- 
cient to  state  that  in  this,  the  purely  mathematical  part  of  the  operations,  as 
marked  improvements  have  been  made  as  in  any  other  branch  of  the  work. 
The  processes  are  highly  systematized,  and  partake  of  the  highest  refine- 
ments of  modern  science,  as  is  evidenced  by  the  systematic  application  of  the 
method  of  least  squares  in  the  discussion  and  adjustment  of  results. 

The  construction  of  the  maps  and  charts  for  publication  commences  in 
the  drawing  division  of  the  Coast  Survey  office. 

The  projections  of  the  meridians  and  parallels  are  made  according  to 
the  system  of  poly  conic  development  of  the  earth's  surface,  of  which  special 
accounts,  with  accompanying  tables,  may  be  found  in  the  C.  S.  reports  for 
1853  and  '56.  On  these  projections,  the  positions  of  the  triangulation  points 
are  laid  down  according  to  their  latitudes  and  longitudes,  obtained  by  the 
geodetic  operations.  On  the  sheets  covered  by  the  topographical  and  hydro- 
graphic  surveys,  the  triangulation  points  are  likewise  laid  down,  with  refer- 
ence to  similar  projection  lines,  and  the  reductions  to  the  scales  of  publica- 
tion are  thus  made  with  extreme  accuracy  by  indefinitely  projecting  the 
controlling  points  of  the  survey,  and  drawing  in  the  details  by  means  of 
small  squares,  or  by  the  pantograph.  The  camera  lucida  has  sometimes 
been  employed,  but  is  found  too  trying  to  the  eyes  of  draughtsmen.  It  may 
be  mentioned  here  that  experiments  are  in  progress  having  in  view  the  ap- 
plication of  photography  to  the  reduction  of  the  maps,  and  that  there  is 
good  reason  to  hope  for  successful  results. 

The  maps  and  charts  emanating  from  the  Coast  Survey  are  divided  into 
two  general  classes — viz.:  preliminary  or  provisional  charts  and  sketches, 
issued  with  as  much  expedition,  after  the  individual  surveys,  as  is  consistent 
with  accuracy  of  general  portraiture,  and  designed  to  supply  the  more  im- 
mediate and  pressing  demands  of  commerce  ;  and  the  finished  charts  proper, 
which  must  embody  all  the  information  furnished  by  the  survey,  even  of  tin- 
minutest  detail,  and  which  ought  at  the  same  time  to  be  executed  in  the 
style  of  the  highest  existing  artistic  excellence. 

The  charts  are  various  in  character,  according  to  the  immediate  objec  ts 
which  they  are  designed  to  subserve.  Thus,  one  description  of  chart  has  for  its 
use  to  convey  to  the  navigator  a  just  notion  of  an  extended  const  line,  and  of 
the  relative  positions  of  objects  most  conspicuous  :it  a  distance,  so  as  to  enable 
him  to  identify  his  position  as  he  approaches  from  the  open  sea.  Another 
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gives  him  the  minuter  information  which  he  needs  when  the  purposes  of  his 
voyage  bring  him  for  any  reason  closer  in-shore.  They  are,  therefore,  clas- 
sified under  the  three  heads  of  general  coast  charts,  coast  charts,  and  charts 
of  harbors,  anchorages,  <Jbc. 

The  general  coast  (or  off-shore)  charts,  on  the  scale  of  n/ooo)  repre- 
sent the  shore-line  of  the  coast  and  its  general  topographical  features,  so  as 
to  be  readily  recognized  by  the  navigator  approaching  it.  Omitting  minute 
details,  they  show  at  a  glance  the  contour  of  the  shore,  the  location  of  the 
islands,  shoals,  and  rocks  which  the  navigator  may  encounter  in  approaching 
the  main  land ;  the  soundings  off-shore,  selected  in-shore  soundings,  and 
finally  the  principal  natural  and  artificial  landmarks. 

The  coast  (or  in-shore)  charts,  on  the  scale  of  s  o"lo¥,  and  the  harbor 
charts,  on  various  scales,  from  joVo-  to  joioc?  present  with  minute  accuracy 
every  natural  feature  or  other  object  above  or  beneath  the  water  which  can 
be  introduced  without  producing  confusion  or  indistinctness.  In  these  charts, 
the  hydrography  is  so  elaborately  displayed  as  to  indicate,  by  the  shades  of 
depth,  the  fathom  lines  and  the  soundings,  the  safe  route  for  a  vessel  of  any 
given  draught,  and,  as  a  necessary  consequence,  to  exhibit,  at  sight,  the  prin- 
cipal channels  by  which  every  important  place  may  be  approached.  The 
lines  of  range  of  natural  landmarks,  or  of  lights  and  beacons,  the  appear- 
ances of  different  light-houses  and  the  characters  of  their  lights,  with  all 
other  indications  by  which  channels  are  signalized  to  the  mariner,  are  also 
everywhere  given  in  the  fullest  manner.  They  further  contain  sailing  direc- 
tions designed  to  furnish  information  in  entering  harbors,  graphic  views  of 
important  landmarks,  and  sketches  of  the  position  and  characteristics  of 
light-houses,  beacons,  and  buoys — such  as  may  serve  to  assure  the  navigator 
of  his  true  position,  whenever  any  of  these  objects  are  in  sight.  The  topog- 
raphy of  the  shore  and  of  the  land  for  some  distance  from  the  shore  is  fur- 
thermore minutely  given,  for  various  reasons,  some  of  which  have  been 
hinted  at,  and  of  which  others  will  be  alluded  to  hereafter. 

Of  the  general  coast  charts  it  is  estimated  that  the  Atlantic 

and  Gulf  coasts  will  be  covered  bv  sixteen  sheets. 

The  scheme  of  coast  charts  (^oi^o),  planned  for  these  portions  of  the 
coast,  embraces  one  hundred  and  thirteen  sheets. 

The  Pacific  coast  is  as  yet  too  little  known  in  its  minute  features  to 
afford  a  basis  for  a  definite  estimate. 

Besides  these  finished  charts,  which,  from  their  nature,  require  a  length- 
ened period  for  the  collection  of  the  data  from  which  they  are  compiled,  and 
are  also  slow  of  execution, — their  elaborate  details  requiring  the  highest 
skill  in  drawing  and  engraving, — there  is  issued  a  series  of  preliminary  charts 
and  hydrographic  sketches.  These,  embodying  information  which  it  is  de- 
sirable to  make  accessible  at  the  earliest  available  opportunity,  are  pre- 
pared and  published  as  soon  as  possible  after  the  completion  of  the  work  in 
the  field.  For  the  principal  charts  of  this  latter  class,  the  scale  of  I??Voo  nas 
been  adopted ;  they  are  less  elaborately  finished  than  those  before  described, 
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and  are  designed  to  meet  the  wants  of  the  public,  until  the  more  perfect 
maps  can  be  made  ready  for  issue.  They  also  enable  the  office  department 
of  the  survey  to  keep  up  with  the  operations  in  the  field  and  afloat,  each  sea- 
son's work  as  it  is  turned  into  the  office  being  drawn  and  engraved  on  the 
plate,  and,  when  required,  a  new  plate  is  made  by  the  electrotype  process, 
large  enough  to  retain  the  old  and  receive  the  new  work.  Of  the  prelimi- 
nary sea-coast  charts,  it  is  estimated  that  the  Atlantic  and  Gulf  coasts  will 
require  thirty-three  sheets. 

When  the  charts  are  drawn  and  verified,  they  pass  into  the  engraving 
division  of  the  office,  where  they  are  executed  on  copper  by  a  corps  of  en- 
gravers, among  whom  there  are  some  artists  of  distinguished  merit.  Here, 
as  in  every  other  department  of  the  work,  the  division  of  labor  is  productive 
of  economy  in  time,  combined  with  superior  excellence  of  results.  The  en- 
graving of  outlines,  of  hill-topography,  of  the  dotted  shading  of  the  sea- 
bottom,  of  the  figures  denoting  the  soundings,  and,  finally,  of  the  lettering, 
are  so  many  different  branches  of  the  art,  executed  by  different  persons, 
who  have,  by  talent  or  practice,  acquired  superior  skill.  "When  the  plates 
are  completed,  copies  are  taken  of  them  by  the  electrotype  process,  which 
are  used  for  printing  the  charts,  while  the  original  plates  are  preserved 
among  the  archives. 

The  electrotyping  establishment  of  the  Coast  Survey  is  very  extensive, 
and  one  of  the  most  successful  in  the  world.  It  was  in  practical  operation 
several  years  before  the  process  came  into  general  use,  and  considerable  ad- 
vances were  made  in  the  art  at  this  establishment.  The  method  of  iodizing  the 
matrix,  which  effectually  prevents  adhesion  without  interfering  in  the  least 
degree  with  the  perfect  sharpness  of  the  cast,  was  then  discovered,  and,  by  an 
admirable  system  of  experiments,  the  best  size  and  arrangement  of  batteries, 
the  proper  temperature  of  the  solutions,  and  all  other  conditions  necessary 
to  produce  the  best,  most  uniform,  and  cheapest  results,  were  developed. 
The  practical  use  of  the  process  is  not  confined  to  the  production  of  copies 
for  printing.  The  division  of  labor  in  engraving  the  charts  is  often  very 
much  facilitated,  and  great  despatch  in  their  production  is  attained,  by 
dividing,  and  executing  them  in  two,  or  even  four  separate  pieces,  which  are 
afterwards  joined  on  a  common  electrotype  plate. 

The  charts  are  finally  printed  at  the  Coast  Survey  office,  and  distribut- 
ed to  sale  agents  in  the  principal  seaports.  The  prices  are  fixed  at  very  low 
rates,  varying  from  fifteen  to  seventy-five  cents  per  sheet,  so  as  to  plaoe  a 
complete  set  of  sheets  within  the  reach  of  every  navigator.  Copies  are  also 
freely  distributed  to  seminaries  of  learning,  public  libraries,  and  other  insti- 
tutions of  a  similar  character. 

Publication  of  observations  and  methods. — The  importance  of  an 
early  publication  of  the  observations  made  in  the  progress  of  the  Coast  Sur- 
vey, and  of  the  methods  practised  in  the  execution  and  computation  of  the 
work,  was  repeatedly  urged  upon  Congress  by  the  Superintendent,  and 
means  were  appropriated  towards  that  object  in  1854-55,  and  in  the  two 


42 


REPORT  ON  THE  COAST  SURVEY. 


subsequent  years.  It  has  been  the  reproach  of  works  of  this  kind,  that  the 
results  only  are  furnished,  while  the  data  from  which  they  are  derived  are 
not  presented  for  scrutiny  at  all,  or  if  at  all,  so  late  that  for  practical  use 
they  have  lost  much  of  their  value.  The  publication  of  the  archives,  while 
it  secures  the  work  against  loss  by  accident,  and  submits  it  to  the  criticism 
of  the  world,  has  the  further  very  great  advantage,  that  it  insures  the  full 
information  from,  and  responsibility  of,  those  by  whom  the  work  is  executed. 

Considerable  progress  has  been  made  in  this  work,  as  appears  from  the 
account  given  in  the  annual  report  of  the  Superintendent  for  1856  and  1857, 
where  also  the  plan  of  publication  is  developed,  of  which  a  brief  sketch 
must  suffice  here.  The  order  of  arrangement  for  the  o-eodetic  work  is  at 
first  necessarily  chronological,  the  volumes  for  each  year  comprising  the  rec- 
ords and  results  of  all  the  various  classes  of  work ;  while  after  the  comple- 
tion of  the  survey  the  volumes  would  most  naturally  arrange  themselves  ac- 
cording to  the  different  operations.  With  this  end  in  view,  the  plan  has 
been  carefully  laid  out  so  that  the  matter  contained  in  the  annual  volumes 
may  ultimately  be  divided,  and  rearranged  so  as  to  form  volumes  relating 
to  separate  subjects.  The  record  of  the  observations  is  given  in  full,  and 
being  unchangeable,  is  kept  separate  from  their  reduction,  of  which  the  prin- 
cipal steps  are  given,  and  which  may  be  liable  to  change  from  accumulation 
of  data  or  from  improvement  of  methods.  As  far  as  practicable  the  record 
and  reduction  of  the  observations  are  arranged  on  opposite  pages.  The  vol- 
umes thus  in  course  of  preparation  embrace,  beside  other  subjects,  the 
operations  of  Geodesy,  Chronometric  Longitudes,  Telegraphic  Longitudes, 
Explorations  of  the  Gulf-stream,  and  Sailing  Directions.  It  will  be  remem- 
bered, that,  in  addition  to  the  great  variety  of  interesting  communications 
on  subjects  connected  with  the  Coast  Survey  made  by  Prof.  Bache,  it  was 
the  exhibition  of  a  volume  of  proof-sheets  of  the  geodetic  volume  to  the 
members  of  the  Association  at  the  Montreal  meeting  which  led  to  the  ap- 
pointment of  the  present  Committee,  who  can  only  express  their  deep  regret 
on  learning  that  the  publication  of  the  work  has  been  unavoidably  suspended 
for  want  of  the  necessary  appropriation  to  carry  it  forward,  and  their  earnest 
hope  that,  when  the  temporary  embarrassment  of  the  public  treasury  is  re- 
lieved, the  means  will  be  supplied  for  its  speedy  consummation.  The  pub- 
lication of  the  observations  and  methods  will  be  hailed  with  great  satisfac- 
tion by  the  men  of  science  at  home  and  abroad,  while  the  volumes  relating 
to  the  harbors  and  coast  will  have  nearly  the  same  interest  for  commercial 
men  and  navigators. 

Organization  axd  economical  management  of  the  Coast  Survey. — 
The  whole  work  is  under  the  administrative  direction  of  the  U.  S.  Treasury 
Department.  The  Superintendent  arranges  the  plan  of  conducting  the 
work,  and  issues  instructions  for  its  execution  to  his  assistants ;  he  directs 
and  is  responsible  for  the  accuracy  of  all  the  scientific  parts  of  the  work,  and 
controls  the  expenditures,  making  an  administrative  examination  of  the  ac- 
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counts,  which  is  a  great  source  of  economy.  Besides  performing  these 
duties  of  superintendence,  he  engages  personally  in  observations  in  the 
field,  and  in  those  able  discussions  of  the  results  of  which  the  pages  of  our 
scientific  journals  contain  ample  evidence. 

The  corps  of  assistants  is  composed  of  three  classes, — civilians,  officers  of 
the  army,  and  officers  of  the  navy.  The  civilians,  many  of  whom  have  been 
trained  in  the  Survey,  entering  as  cadets,  or  aids,  as  they  are  designated, 
and  rising  by  merit  to  higher  grades,  form  a  nucleus  of  a  more  permanent 
kind.  They  preserve  uniformity  in  the  methods  of  the  survey,  and  can  be 
called  upon  freely  for  duty  of  every  kind.  The  officers  of  the  Army  and 
ISTavy  are  detailed  by  the  heads  of  their  respective  Departments,  on  applica- 
tion of  the  superintendent ;  they  are  liable  to  be  changed  frequently,  as  the 
exigencies  of  the  military  or  naval  service  require.  Receiving  no  extra  emol- 
ument for  their  services  on  the  Coast  Survey,  their  positions  are  only  valu- 
able to  them  under  peculiar  circumstances,  which  change  frequently,  and 
there  is  a  limit,  therefore,  to  the  calls  upon  them  for  service.  Without  the 
nucleus  of  civilians  the  whole  work  might  be  disorganized  by  calls  for  the 
services  of  the  Army  and  Navy  officers  in  their  immediate  professional  line. 
On  the  breaking  out  of  the  war  with  Mexico,  all  the  officers  of  the  line  of 
the  Army,  and  part  of  those  of  the  staff,  serving  on  the  Coast  Survey,  were 
detached  from  it.  The  harmonious  cooperation  of  these  three  classes  of 
persons  which  has  been  maintained  during  the  past  fourteen  years  is  highly 
advantageous  to  the  country,  and  could  not,  it  is  obvious,  be  secured  except 
under  the  direction  of  a  distinguished  civilian  ;  since  questions  of  rank  and 
authority  between  officers  of  the  different  branches  of  the  service  would  in- 
evitably interfere  disastrously  to  the  best  interests  of  the  work,  if  its  direc- 
tion were  confided  to  either  the  War  or  Navy  Department ;  and  if  the  ope- 
rations on  land  and  at  sea  were  carried  on  under  distinct  organizations,  then 
would  result  a  want  of  cooperation  as  to  time,  methods  and  objects,  by 
which  the  hydrographic  survey  would  fail  in  a  great  measure  to  derive  from 
the  land-work  those  elements  of  accuracy  which  are  essential  to  its  perfec- 
tion. 

The  progress  of  the  Coast  Survey,  from  year  to  year,  is  communicated 
to  Congress  in  the  annual  reports  of  the  Superintendent.  Besides  an  ac- 
count of  the  extension  of  the  work  in  the  different  sections,  accompanied 
by  sketch-maps  illustrating  the  same,  these  reports  contain,  as  an  appendix, 
the  preliminary  maps,  charts  and  sketches  produced  during  the  v»  ar,  and 
valuable  contributions  to  knowledge  in  the  form  of  scientific  discussions  of 
various  subjects  connected  with  the  survey,  such  as  tides  and  terrestrial  mag- 
netism, and  of  new  methods  of  observation  or  computation  developed  by  the 
persons  engaged  in  the  work.  The  high  character  for  interest  and  useful- 
ness which  these  reports  sustain  is  too  well  known  and  universally  acknowl- 
edged, to  require  commendation.  With  wise  liberality  Congress  has  printed 
large  editions  of  these  for  general  diffusion,  and  the  distribution  1  i >t  Bhowa 
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that  they  are  in  great  demand  not  only  on  the  seaboard,  bnt  also  in  the  in- 
terior states,  evincing  the  gratifying  fact  that  large  numbers  of  citizens 
other  than  those  immediately  engaged  in  commerce  and  navigation  feel  an 
appreciative  interest  in  a  work  designed  for  the  benefit  of  the  whole  nation. 

It  may  not  be  inappropriate  in  the  general  sketch  which  Ave  are  taking 
of  the  actual  operations  of  the  Coast  Survey,  to  observe  that  the  economy 
which  has  marked  the  conduct  of  th*S  national  work  has  been  no  less 
remarkable  than  the  comprehensiveness  of  its  scope,  the  rapidity  of  its  execu- 
tion, the  scientific  exactness  of  its  processes,  or  the  substantial  value  of  its 
results.  It  may  very  safely  be  said  that  no  other  government  has  hitherto 
succeeded  in  securing,  in  this  branch  of  its  service,  results  so  large  and  so 
valuable  in  so  little  time,  and  at  so  little  expense.  This  fact  is  no  doubt  in  a 
great  measure  due  to  the  wisdom  ivith  which  the  work  has  been  laid  out,  to 
the  administrative  ability  which  has  secured  activity  and  efficiency  in  all  its 
departments,  to  the  division  of  labor,  and  to  the  personal  ability  or  skill,  as 
well  of  the  subordinate  members  of  the  corps,  as  of  the  chief.  But  it  is  also, 
and  in  no  less  measure,  due  to  the  system  of  disbursement  and  financial 
control,  and  to  the  method  of  keeping  the  accounts,  introduced  by  the 
present  Superintendent,  which  are  judiciously  devised  so  as  to  protect,  in 
the  most  effectual  manner,  the  public  interests. 

A  careful  study  of  the  question  of  relative  progress  and  expenditure,  and 
comparison  of  the  cost  of  our  national  survey  with  that  of  the  surveys  of 
other  nations,  for  which  the  data  are  given  in  a  special  report  prepared  by 
the  Superintendent  in  1857,  in  compliance  with  a  call  from  the  Treasury 
Department,  have  led  the  Committee  to  the  conclusion  expressed  at  the  close 
of  this  report  in  regard  to  the  economy  of  the  present  system.  The  details 
are  of  a  character  which  would  extend  this  report  to  an  undue  length,  but 
the  Committee  may  express  their  desire  that  the  document  referred  to  be 
made  accessible  to  the  public  through  its  publication  by  government. 


PART  II  :  RESULTS. 
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Part  II:  —  Results. 

THEIR  BEARINGS  UPON  THE  NATIONAL  WELFARE,  AND  UPON  THE  ADVANCE- 
MENT OF  SCIENCE. 

In  passing  to  consider  the  results  actually  wrought  out  in  the  progress 
of  the  survey  of  our  coast,  and  the  various  important  bearings  of  these,  both 
useful  and  scientific,  the  Committee  are  aware  that  it  is  difficult  to  avoid  the 
appearance  of  occasional  repetition  :  since  any  sketch,  however  cursory,  of 
the  history  of  the  work,  or  any  description,  however  imperfect,  of  the  pro- 
cesses employed  in  its  execution,  must,  from  the  nature  of  the  case,  be  in 
itself,  to  some  extent,  an  anticipation  of  results ;  though  these  be  mentioned 
only  by  way  of  allusion,  or  introduced  purely  for  the  sake  of  explanation,  or 
of  illustration.  In  so  far,  nevertheless,  as  may  be  practicable,  care  will  be 
taken  not  to  retread  ground  already  beaten. 

The  valuable  results  which  the  Coast  Survev  has  been,  and  still  con- 
tinues  to  be,  the  means  of  securing,  are  distinguishable  into  two  classes, 
according  as  we  restrict  our  view  to  the  objects  for  the  sake  of  which  the 
Survey  was  expressly  instituted,  or  extend  it  to  those  more  varied  interests 
which  are  incidentally,  but  no  less  positively,  promoted  by  its  operations. 

For  the  sake  of  convenienc?,  we  will  refer  to  these  two  classes  of  results 
under  the  heads,  direct  and  collateral. 

DIRECT  RESULTS : — BENEFITS  TO  -NAVIGATION  AND  COMMERCE. 

The  direct  results  are  the  numerous  and  invaluable  aids  and  benefits  to 
navigation  and  commerce,  which,  being  the  ends  most  immediately  and 
distinctly  contemplated  in  the  origination  of  the  work,  it  is  in  the  importance 
which  attaches  to  them  that  the  main  argument  in  favor  of  its  prosecution 
to  completion  must  always  be  found. 

We  may  indeed  dwell  with  just  and  honorable  pride  upon  the  Bervices 
rendered  to  science,  in  its  various  branches,  through  the  instrumentality  of 
a  work  which  can  only  be  prosecuted  by  the  aid  of  recondite  scientific 
principles,  applied  in  practice  by  accomplished  and  zealous  scientific  men. 
As  physicists,  the  members  of  this  Association  may  even,  perhaps,  regard 
with  higher  satisfaction  the  contributions  furnished  to  our  knowledg  i 
of  nature,  the  improvements  Originated  for  us  in  methods  of  observation, 
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and  the  ingenious  mechanical  contrivances  invented  for  promoting  instru- 
mental accuracy,  which  we  owe  to  the  men  engaged  in  this  great  public 
work,  and,  through  them,  to  the  work  itself,  than  our  tastes  may  incline  us 
to  feel  in  view  of  the  more  material  and  immediately  tangible  results  which 
flow  from  it  ;  but  we  must  not  forget  that  the  majority  of  mankind  look 
upon  all  undertakings  which  involve  expenditure  to  the  public  from  a  utili- 
tarian point  of  view ;  and  while,  therefore,  we  may  justly  challenge  the 
admiration  of  all  men,  whether  they  be  professedly  scientific  or  not,  for 
results  which  we  ourselves  so  greatly  prize,  yet  we  must  not  expect  that  all 
men  will  so  far  enter  into  our  enthusiasm  as  to  undertake  such  works  for  the 
sake  of  such  results  only.  In  the  present  case,  fortunately,  the  directly  use- 
ful results  accomplished  are  so  palpably  great,  that  it  will  be  sufficient  to 
name  them,  in  order  to  satisfy  the  most  exacting  economist  in  regard  to  the 
wisdom  of  the  outlay  by  which  they  have  been  secured. 

We  therefore  present  now  a  summary  view  of  the  progress  already  made 
towards  the  completion  of  the  work,  followed  by  a  condensed  table,  com- 
piled from  data  obtained  from  the  Coast  Survey  office,  showing,  in  two 
parallel  columns  the  work  executed  previous  to  1844,  under  the  superintend- 
ence of  Mr.  Hasslcr,  and  that  from  1844  to  185T,  inclusive,  under  the  super- 
intendence of  Professor  Bache. 

Progress,  or  Proportion  of  the  whole  coast  surveyed. — The 
survey  has  been  extended  into  every  seaboard  State  and  Territory  of  the 
United  States,  on  the  Atlantic,  Gulf  of  Mexico  and  Pacific  coasts,  and  is 
now  in  progress,  either  in  field  or  office-work,  in  all  of  them. 

For  the  purpose  of  estimating  its  progress  towards  completion,  we  may 
consider  either  the  extent  of  general  coast-line  (omitting  minute  indenta- 
tions), or  the  length  of  the  shore,  or  water-line,  including  that  of  bays, 
sounds,  islands  and  rivers,  to  be  covered  by  the  triangulation. 

The  general  coast-line  of  the  Atlantic  (including  Delaware  and  Chesa- 
peake, as  well  as  all  open  bays,)  is  estimated,  from  recent  measurements, 
made  on  the  Prole  oeer'.s  sketches,  in  the  office  of  the  Survey,  at  3,036  miles ; 
that  of  the  Gulf  of  Mexico,  at  2,162  miles;  and  that  of  the  Pacific  (including 
the  Straits  of  Fuca),  at  1,866  miles:  making,  in  all,  7,064  miles. 

Of  the  foregoing,  there  have  been  already  covered  by  triangulation, 
on  the  Atlantic  coast,  2,372  miles ;  on  the  Gulf  cpast,  780  miles ;  .and  on  the 
Pacific  coast,  325  miles :  making,  in  all,  as  appears  in  the  $I2Z2m*%  table  of 
statistics,  3,477  miles. 

A  measurement  of  the  shore-line  (including  bays,  sounds,  islands  and 
rivers,)  covered  by  the  triangulation,  made  in  a  similar  manner,  gives  for 
that  ot'  the  Atlantic  coast,  14,723  miles ;  of  the  Gulf  of  Mexico,  10,406 
miles ;  and  of  the  Pacific  coast,  4,252  miles :  in  all,  29,381  miles.  Of  this 
shore-line,  the  triangulation  has  already  extended  over,  on  the  Atlantic 
coast,  10,787  miles ;  on  the  Gulf  coast,  4,075  miles;  and  on  the  Pacific 
coast,  1,288  miles:  in  all,  as  appears  in  the  table  of  statistics,  16,150  miles. 
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Each  of  these  two  modes  of  estimating  the  work  already  executed,  and 
that  remaining  to  be  done,  affords  us  this  conclusion :  that  the  Atlantic  sec- 
tions are  nearly  three-fourths  done,  and  the  Gulf  sections  one-third  done. 

Our  knowledge  of  the  minuter  features  of  the  Pacific  coast  bein^  as  vet 
in  a  much  less  advanced  state  than  that  of  the  other  two  portions  of  the 
coast,  renders  a  precise  estimate  for  it  comparatively  less  practicable  ;  as 
far,  however,  as  we  can  venture  to  determine  in  this  matter,  the  Pacific  sec- 
tion is  not  quite  one-fourth  executed. 

With  the  limitation  just  specified,  taking  the  wdiole  coast  of  the  United 
States  into  .consideration,  the  survey  is  carried  forward  about  one-half  to 
completion.  This  estimate  is  based  on  the  triangulation  executed;  a  sim- 
ilar consideration  of  the  topography  will  lead  us  very  nearly  to  the  same 
conclusion. 

The  length  of  the  general  coast  being  taken,  as  above  stated,  it  appears 
that  the  topography  is  executed  over  1,889  miles  in  the  Atlantic  section, 
764  miles  in  the  Gulf  section,  and  259  miles  in  the  Pacific  section  :  in  all, 
2,912  miles,  out  of  7064  miles,  showing  two-fifths  of  the  whole.  It  is  to  be 
borne  in  mind,  in  making  this  estimate,  that  the  topography  is,  in  general, 
a  whole  season  behind  the  triangulation,  and  that  the  hydrography  there- 
after follows  in  its  turn. 

Looking  at  these  data  of  the  field-work,  and  adding  to  our  view  the 
office-work  consequent  thereon,  we  are  justified  in  considering  that,  at  the 
rate  of  appropriation  for  the  three  years  from  1855  to  '58,  and  with  the 
like  efficient  management,  the  survey  of  the  Atlantic  and  Gulf  coasts 
may  certainly  be  essentially  completed  in  from  twelve  to  fifteen  years.  This 
agrees  substantially  with  the  latest  estimates  of  the  superintendent  of  the 
work. 

Estimates  of  time  for  completion  were,  in  the  early  stages  of  the  survey, 
necessarily  but  conjectural,  on  account  of  the  inaccuracy  and  looseness  of 
the  geographical  maps  of  the  coast,  then  extant,  the  length  of  shore-line 
shown  on  them  being  greatly  in  defect;  but,  as  data  for  a  more  and  more 
close  approximation  to  the  true  amount  have  become  available  by  the  ope- 
rations of  the  survey  itself,  our  information  on  this  subject  is  now  so  much 
more  detailed  and  reliable,  that  we  may  look  with  a  tolerable  degree  of  con- 
fidence on  the  conclusion  to  which  we  have  arrived. 

Extent  of  connected  triangulation,  and  localities  where  the  survey  is  yet 
incomplete. — The  triangulation  is  continuous  from  Mount  Desert,  in  Maine,  to 
Shallotte  inlet,  south  of  Cape  Fear,  in  North  Carolina,  stretching  over  more 
than  ten  degrees  of  latitude,  and  as  many  of  longitude,  including  the  coast  of 
ten  States,  and  the  greater  part  of  the  coast  of  two  others.  Then,  with  an  in- 
terval of  about  seventy  miles,  it  extends  along  the  coast  of  South  Carolina  and 
Georgia,  with  two  gaps,  to  the  Ossabaw  entrance.  It  covers,  on  the  coast 
of  Georgia,  Sapalo  entrance,  St.  Simon's  sound  and  Brunswick  harbor,  St, 
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Mary's,  Georgia,  and  Fernandina  harbor  and  St.  John's  river,  Florida.  It  is 
continuous  from  Cape  Florida  to  the  Marquesas,  west  of  Key  West,  com- 
pleting the  connection  of  the  outer  keys  and  reefs  of  South  Florida.  On 
the  western  coast  of  Florida,  after  a  gap  from  Cape  Sable  to  Crystal  river, 
it  extends  to  beyond  Cedar  Keys ;  over  Ocilla  river  entrance ;  St.  Mark's 
harbor ;  from  East  Pass  through  St.  George's  and  St.  Vincent's  sounds, 
including  Apalachicola  harbor ;  St.  Andrew's  bay  and  Pensacola  harbor  and 
approaches.  On  the  coast  of  Alabama  and  Mississippi,  it  spans  Mobile  bay 
and  its  approaches ;  extends  along  Mississippi  sound  and  part  of  Lake  Pon- 
chartrain,  connecting  Mobile  and  New  Orleans.  On  the  coast  of  Louisiana, 
it  covers  Chandeleur  sound  to  Isle  an  Breton  sound  ;  part  of  the  Delta  of 
the  Mississippi ;  Isle  Derniere  and  Caillou  bay ;  Atchafalaya  and  part  of 
Cote  Blanche  bays.  On  the  coast  of  Texas,  it  extends  over  Galveston 
entrance,  the  shores  of  East  and  West  bays,  and  the  coast  as  far  as 
Matagorda  bay,  inclusive,  and  is  commenced  at  the  Rio  Grande,  and  is 
being  prosecuted  northward. 

On  the  coast  of  California  the  main  triangulation  is  complete  from 
north  of  Sonora  mountain  to  south  of  Monterey  bay,  and  the  secondary 
triangulation,  connected  with  this  along  the  coast-line,  is  nearly  completed. 
Secondary  triangulation  has  been  executed  at  San  Diego,  near  San  Pedro, 
along  the  Santa  Barbara  coast,  and  on  the  Santa  Barbara  Islands ;  in  San 
Francisco,  San  Pablo,  Suisun,  Ballenas,  Drake's  and  Tomalas  bays.  The  river 
entrances  of  the  coast  of  Oregon  have  been  surveyed,  and  Columbia  river 
triangulated  up  as  far  as  Astoria.  On  the  coast  of  Washington  Territory, 
the  triangulation  has  extended  over  Shoal  water  bay,  Washington  sound, 
Admiralty  inlet  and  parts  of  Puget's  sound,  and  Hood's  Canal. 

On  all  portions  of  the  coast  where  the  scheme  of  the  main  triangulation 
did  not  afford  the  requisite  facilities  for  immediate  progress,  preliminary 
triansrulations  have  been  executed  in  advance,  to  serve  as  a  basis  for  the 
detailed  work,  and  to  be  verified  in  turn. 

Directly  on  the  foregoing  triangulation,  the  topography  has  followed 
with,  generally,  but  one  season's  interval,  and,  taking  hold  of  the  deter- 
minations made  by  both  these  series  of  operations,  the  hydrography  has 
proceeded  to  take  its  part  in  the  combined  work. 

It  may  be  here  remarked  that  the  proportion  of  the  amount  of  topog-  . 
raphy  to  that  of  the  other  parts  of  the  work  has  been,  since  1844, 
diminished  purposely,  it  not  being  carried  so  far  inland,  partly  in  conse- 
quence of  the  objections  urged,  in  the  discussions  in  Congress,  to  the 
extent  of  topographical  detail  carried  out  in  the  earlier  stages  of  the  work, 
and  partly  owing  to  the  different  character  of  the  southern  coast,  where 
the  larger  proportion  of  the  recent  work  has  been  carried  on. 
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including  rivers, 


Reconnaissance. 

Area,  in  square  miles,  

Base  Lines  measured. 

Primary,  number  of,  -       -  - 

Secondary,  number  of,  

Length  of,  in  miles,  

Triangulation. 

Area,  in  square  miles,  

Extent  of  general  coast  in  miles, 

Extent  of  shore-line,  in  miles,  including  bays,  sounds. 

islands  and  rivers,  - 
Geographical  positions  determined, 

Astronomical  operations. 
Stations  occupied  for  azimuth,  .... 
do.        do.    latitude,  - 
do.        do.    longitude,  - 

Magnetic  stations. 

Magnetic  stations  occupied,  

Topography. 

Area  surveyed,  in  .  square  miles,  - 
Length  of  general  coast,  - 
Length  of  shore-line,  in  miles, 

creeks  and  ponds, 
Length  of  roads,  in  miles, 

Hydrography. 

Soundings,  number  of,  - 
Specimens  of  bottom  preserved, 
Soundings  in  Gulf-stream  for  temperature, 
Tidal  stations,  permanent,  - 

do.  temporary,    .-       -  - 

Current  stations  occupied,  - 

Records. 

Total  number  of  volumes  of  observations  and  com- 
putations,   

Maps  and  Charts. 

Topographical  maps,  originals,  - 
Hydrographic  charts,  originals,  - 
Total  number  of  manuscript  maps  and  charts, 
Number  of  sketches  made  in  field  and  office, 

Engraving  and  Printing. 

Engraved  plates  of  finished  charts,  number  of, 
Preliminary  charts,  sketches  and  diagrams,  for  Coast 

Survey  annual  reports,  

Electrotype  plates  made,  number  of,  - 
Finished  charts  published,  number  of,  - 
Preliminary  charts  and  hydrographic  sketches  pub- 
lished,   

Printed  sheets  of  maps  and  charts  distributed  from 

office,  

Printed  sheets  placed  in  hands  of  sale  agents, 


Previous 
to  1844. 


9,642 

1 

2 

in 


9,076 
570 


1,588 
1,183 

9 
9 
1 


6,039 
414 


7,66? 
12,239 


808,147 
1,029 
0 
20 
107 
0 


566 


168 
142 
325 
311 


From  1844 
to  1857, 
inclusive. 


43,171 


9 
41 

1333 


31,949 
2,907 

14,562 
5,789 


59 
100 
73 


183 


8,507 
2,498 

25,203 
11,394 


^080,738 
5,972 
3,429 
275 
492 
783 


8,485 


507 
457 
1,325 
1,189 


61 

319 
400 
64 

258 

66.576 
42,948 


Total  from  com- 
mencement to 
1857,  inclusive. 


52,813 


10 
43 
1531 


41,025 
3,477 

16,150 
6,972 


68 
109 
74 


183 


14,546 
2,912 

32,870 
23,633 


4^888.885 
7,001 
3,429 
295 
599 
783 


9,051 


675 
599 
1,650 
1,500 

G6 

319 
400 
01 

258 

06,576 
42,948 
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Charts  Published. — The  charts  which  have  been  described,  in  their 
general  character,  in  the  first  part  of  this  report,  exhibit  such  an  exact 
and  clearly  intelligible  delineation  of  the  coast-line  in  its  contour  and  topog- 
raphy, and  of  the  adjacent  waters  off-shore,  and  in  bays  and  inlets,  and,  to 
a  certain  extent,  even  in  rivers,  as  to  enable  the  mariner  to  choose  his 
course  with  confidence,  avoiding  hidden  dangers,  and  following  the  secure 
channels  as  easily  as  if  the  sea-bottom  itself  were  exposed  to  his  view.  Or, 
rather,  they  are  a  safer  guide  than  the  sight  of  the  bottom  could  be;  since 
they  enable  him  at  a  glance  to  take  in  a  wide  area  on  the  chart,  while  a 
direct  inspection  could  extend,  even  under  the  most  favorable  circum- 
stances, only  to  a  limited  space  in  the  immediate  vicinity  of  his  vessel.  The 
number  of  such  delineations,  or  charts,  which  the  American  Coast  Survey 
has  produced,  is  already  very  great :  various  in  character,  according  to  the 
immediate  objects  which  they  are  designed  to  subserve.  Of  the  finished 
charts,  there  have  been  published  forty-seven  sheets  of  charts  of  harbors, 
anchorages,  and  the  like,  to  various  scales,  from  50V0  to  ?  oioo-  5  eight 
sheets  of  "in-shore"  or  coast-charts,  to  scale  of  P}H  ;  and  one  sheet  of 
"off-shore"  or  general  coast-chart,  to  scale  of  4  onVoo-  Of  the  preliminary 
sea-coast  and  harbor  charts,  there  have  been  published  upwards  of  eighty 
sheets,  to  various  scales  from  joloo  t0  t  oo'o  0  0  :  and  of  hydrographic 
sketches,  upwards  of  one  hundred  and  twenty. 

As  regards  the  finished  maps,  it  may  be  said  that,  in  point  of  execution, 
they  do  honor  to  the  government  under  whose  authority  they  have  been 
put  forth.  That  they  are  characterized  by  the  greatest  precision,  may  of 
course  be  said,  since  this  is  the  first  arid  essential  condition  which  gives  to 
any  map  its  value :  but  considered,  also,  as  specimens  of  art,  they  are  unsur- 
passed in  any  particular,  whether  in  the  drawing,  engraving,  or  printing,  by 
any  works  of  their  class  ever  produced  by  public  or  private  enterprise,  at 
home  or  abroad.  There  results  from  this  the  double  advantage,  that  while 
their  elaborate  execution  carries  with  it  a  certificate  of  their  refinement  and 
accuracy,  and  gives  to  the  navigator  who  consults  them  assurance  of  their 
truth,  it  at  the  same  time  reflects  credit  upon  the  country,  and  presents  a 
model  for  imitation  which  cannot  fail  to  improve  the  standard  of  artistic 
execution  in  every  work,  whether  of  a  scientific  or  of  a  purely  aesthetic 
character,  produced  among  our  people. 

Below  is  given  a  list  of  the  finished  charts  already  published,  arranged 
in  geographical  order,  from  Maine  to  Washington  Territory ;  also,  a  list, 
arranged  in  like  manner,  of  preliminary  charts  and  hydrographic  sketches 
published,  omitting  such  of  these  latter  as  represent  reconnaissances  and 
preliminary  surveys  afterwards  superseded  by  more  detailed  surveys. 
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LIST  OF  PUBLISHED  COAST  SURVEY  FINISHED  MAPS  AXD  CHARTS. 


l  i.iii  yji 

Name  of  Map  or  Chart. 

State. 

Scale. 

publica- 
tion. 

Richmond's  island  harbor,  - 

Maine. 

1: 

20,000 

1851 

York  river  and  Cape  Neddick  harbors,  - 

tt 

1: 

20,000 

1854 

Newburyport  harbor,  - 

Mass. 

1: 

20,000 

1855 

Gloucester  harbor,  

u 

1: 

20,000 

1855 

Salern  harbor,  

a 

1: 

25,000 

1855 

Boston  harbor.  

u 

1: 

40,000 

1857 

Wellfleet  harbor,  

ti 

1: 

50,000 

1853 

Nantucket  harbor,  ..... 

a 

1: 

20,000 

1848 

Hyannis  harbor,  - 

it 

1: 

30,000 

1850 

Harbor  of  Edgartown,  

ti 

1: 

20,000 

1848 

Harbors  of  Holmes'  Hole  and  Tarpaulin  Cove, 

n 

1: 

20,000 

1847 

Harbor  of  New  Bedford  (edit,  in  1846),  - 

tt 

1: 

40,000 

1850 

General  coast  from  Gay  Head  to  Cape  Henlopen, 

1:400,000 

1852 

Fisher's  island  sound,  .... 

Conn. 

1: 

40,000 

1847 

Harbor  of  New  London,  .... 

k 

1: 

20,000 

1848 

Mouth  of  Connecticut  river,  ... 

1: 

20,000 

1853 

Harbor  of  New  Haven  (edit,  in  1846), 

ti 

1: 

30,000 

1852 

Harbors  of  Black  Rock  and  Bridgeport  (edit. 

in  1848),  -  - 

It 

1: 

20,000 

1852 

Harbors  of  Sheffield  and  Cawkins  island  (edit. 

in  1848),    r-  - 

tt 

1: 

20,000 

1852 

Huntington  bay,  

New  York. 

1: 

30,000 

1849 

Oyster  bay,  or  Syosset  harbor, 

1: 

30,000 

1847 

Harbors  of  Captain's  islands,  east  and  west, 

u 

1: 

20,000 

1849 

Hart  and  City  islands,    )  - 

<( 

1: 

20,000 

1851 

Sachem's  Head  harbor,  j 

it 

1: 

10,000 

Hell  Gate,  ...... 

It 

1; 

5,000 

1851 

Long  Island  sound,  eastern  part,  (edit.  1848), 

Conn.,  R.  I.  and  N.Y. 

1: 

80,000 

1855 

"       "        "      middle    "  " 

Conn,  and  N.  Y. 

1: 

80,000 

1855 

"       "        "      western  " 

Conn,  and  N.  Y. 

1: 

80,000 

1855 

New  York  bay  and  harbor  and  the  environs 

(4  sheets),         -  - 

New  York. 

1: 

30,000 

1844 

New  York  bay  and  harbor  and  the  environs 

(2  sheets),  

u 

1: 

30,000 

1845 

New  York  bay  and  harbor  and  the  environs, 

it 

1: 

80,000 

1845 

South  coast  of  Long  Island,  eastern  part. 

1: 

80,000 

1857 

"                   "          middle    "  '  - 

n 

I: 

80,000 

1857 

"                  "          western  "  - 

tt 

1: 

80,000 

1851 

Little  Egg  harbor,  

N.  J. 

1: 

30,000 

1846 

Delaware  bay  and  river,  sheet  No.  1, 

N.  J.  and  Del. 

1: 

80,000 

1848 

"           "          "    No.  2,  - 

N.  J.  and  Del. 

1: 

80,000 

1848 

"           "    No.  3,  - 

N.  J.,  Del.  and  Penn. 

1: 

80,000 

1848 

Harbor  of  Annapolis  and  Severn  river, 

Md. 

1: 

60,000 

1846' 

Mouth  of  Chester  river,  

(< 

1: 

40,000 

1849 

Pasquotauk  river,  ..... 

N.  C. 

1: 

60,000 

1850 

Beaufort  harbor  (on  steel),  .... 

a 

1: 

20,000 

1857 

Charleston  harbor  (edit,  in  1855), 

s.  c. 

1: 

30,000 

1856 

Key  West  harbor  and  its  approaches, 

Fla. 

1: 

50,000 

1855 

Mobile  bay  entrance,  

Ala. 

1: 

■10,001) 

1851 

Mobile  bay,  

1: 

80,000 

1856 

Cat  and  Ship  island  harbors, 

Miss. 

1: 

40.000 

1850 

Galveston  bay  entrance  (edit.  1853), 

Texas. 

1: 

40,000 

1856 

San  Diego  bay,  

Cal. 

1: 

40,000 

1857 

Monterey  harbor,  

ti 

1: 

40,000 

1852 

Humboldt  bay,  -       -  < 

tt 

1: 

30.000 

1852 

Trinidad  bay,  

it 

1: 

20,000 

1851 

Columbia  river  entrance  (Alden's  survey),  - 
 /  

Oregon. 

1: 

40,000 

1854 
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Name  of  Chart  or  Sketch. 


State. 


Scale. 


Year  of  publica- 
tion . 


Kennebec  river  entrance,  prelim,  chart,  - 

Portland  harbor,  prelim,  chart,  - 

"  "       (for  harbor  commissioners),  - 

Portsmouth  harbor,  prelim,  chart, 

Ipswich  and  Annisquam  harbors,  prelim,  chart, 

Gloucester  harbor,  prelim,  chart, 

Stellwagen's  bank,  prelim,  chart, 

Sea-coast  of  Maine,  N.  Hampshire,  and  part  of 
Massachusetts,  prelim,  chart,  - 

Current-chart  of  Boston  harbor,  ... 

Minot's  ledge,  

Plymouth  harbor,  prelim,  chart,  - 

Provincetown  harbor,  prelim,  chart,  - 

Davis'  South  shoal,  

Nantucket  shoals,  prelim,  chart,  *      - .     ;  - 

Tidal  currents  of  Nantucket  shoals, 

Monomoy  shoals,  prelim,  chart,  - 

Muskeget  channel,  prelim,  chart,  - 

Bass  river  harbor,  prelim,  chart. 

Harbor  of  Wood's  Hole,  prelim,  chart,  - 

Sow  and  Pigs  reef,  

Sea-coast  of  Massachusetts,  southern  part,  pre- 
lim, chart,  

Tidal  currents  of  Long  Island  sound  and 
approaches,  

Buttermilk  channel,  New  York  harbor, 

Komer  and  Flynn's  shoals,  .... 

Changes  in  Sandy  Hook  since  1779,  - 

New  York  bay  and  harbor,  prelim,  chart, 

Hudson  river,  lower  sheet,  prelim,  chart,  - 
"         "     comparative  chart,  showing  the 
change  since  1852,  

Sea-coast  of  Del.,  Md.  and  part  of  Va.,  prelim, 
chart,  

Delaware  and  Chesapeake  bays  and  sea-coast, 
prelim,  chart,  

Chincoteague  inlet  and  shoals  in  vicinity, 

Wachapreague,  Machipongo  and  Metomkin  in- 
lets,  - 

Ship  and  Sand  Shoal  inlets,  prelim,  chart,  - 

Chesapeake  bay,  upper  part,  3  sheets,  prelim, 
chart,        -       -       -  - 

Patapsco  river  and  harbor  of  Baltimore,  prelim. 
*  chart,  -  

Rappahannock  river,  4  sheets,  prelim,  chart. 

"  "     2  sheets,  from  entrance 

to  Occupacia  creek,  prelim,  charts,  - 

York  river  entrance,  Va.,  prelim,  chart,  - 

James  river  (upper  sheet)  from  Richmond  to 
City  point,  prelim,  chart, 

Hampton  roads  and  Elizabeth  river,  prelim,  chart, 

Norfolk  harbor,  prelim,  chart, 

Sea-coast  of  Va.,  2  sheets,  prelim,  chart, 

Part  of  sea-coast  of  Va.  and  entrance  to  Ches- 
apeake bay,  prelim,  chart, 

Gulf-stream  explorations,  sketch  of  limits, 

Albemarle  sound,  prelim,  chart,  - 

Wimble  shoals,  


Maine. 


New  Hamp. 
Mass. 


New  York. 

a 


30,000 
20,000 
10,000 
20,000 
20,000 
20,000 
400,000 

200,000 
100,000 
10,000 
20,000 
50,000 
200,000 
200,000 
300,000 
40,000 
60,000 
40,000 
20,000 
240 


1:  200,000 


Va. 

1: 

(t 

1: 

it 

1: 

Md. 

1: 
1: 

Va, 

1: 

u 

1: 

u 

1: 

u 

1: 

u 

1: 

(< 

1: 

(< 

1: 

(( 

1: 

1: 

N.  C. 

1: 

u 

1: 

800,000 
5,000 
40,000 
10,000 
80,000 
60,000 


20,000 

1:  200,000 

1:  400,000 
40,000 

40,000 
1:  40,000 


80,000 


60.000 
20,000 

60,000 
1:  60,000 


40,000 
40,000 
10,000 
200,000 

200,000 
5000,000 
200,000 
80,000 


1857 
1854 
1855 
1854 
ft 
1854 
1854,  '55 

1857 

1851 

1853 

1857 

1857 

1846-'53 

1854 

1854 

1854,  '56 

1854,  '55 

1854,  '57 

1857 

1853 

1856,  '57 

1854 
1849 
1853 

1851,  '53, 
1857 
1855 

1856 

1852 

1855 

1852,  '53 

1853 
1854 

1857 

1856 
1856 

1857 
1857 

1855 
1857 
1857 

1853,  '54 

1855 
1853-'55 
1855 
1854 


55 
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Name  of  Chart  or  Sketch. 

tion. 

I— 1  O  4~     /""iT* O  O    C  IT  AO  1  C 

Jcicixicras  siiodis?  ------ 

N  G 

1: 

120,000 

1850  '51 

Mqttqt'OO  iTi  I/if   /  noi'liAT  /~\  f  vQTnn*n  I 
Xxdllcldb  IIllcU  ^Ildl  (Jul  OX  Iclugcjj 

(i 

1: 

20,000 

1849-52  '57 

wCIdLUTYc  lilltJLj  ------ 

(1 

1: 

40,000 

1852,  '57 

Ofc-cX-LUdhU  UX  J_\  .  O..  llulll  xXdllcxab    LU    KJLl  dcUKc-j 

picniix.  cridi  i,  ------ 

U 

1: 

200.000 

1856  '57 

Spc*-pnci<?t  of  T^J"  n    from  fin  tip  T  oolcont  to  "Rno*np 

OCd                    U 1   Xl  •   V7  . ,  11  Will  VJdpC  JLi U  U  iv  U  LL  L  L U  JD\J^  LLC 

lJUltrlj  picillll.  ClltU  L.  - 

U 

1; 

?00  000 

1857 

XXcdLUUI  L  lidluUIj  XN  .  v_Aj   pi  L 11X11.   dirt- 1  bj  " 

11 

1: 

20,000 

1854 

UUllipdl  d  11 V  C  LI  Id  I  tj 

(( 

1: 

10,000 

1857 

i\  ew  1 1 v  er  ana.  oai 

j, 

1: 

15,000 

1  8t9 

VjaJJc    JC  Lill     Ilvel     allU.    XNcVv     llllct     cllll cllll^co, 

piciirn.  ciiuii/j  ------ 

i< 

1: 

40,000 

IOvu 

vycipt!  X  Cxll  IlVcI  (^lUVYcI  ydll)  llulll  JJ  cllUldl  puilll 

1~o  T\Ti  1  tyi  l  ii  n'tnn    ^J"    O     nvpli  m    pli  c>  vf  - 

LU    VV  llllllll^  LUII^   .1.1.   VA»   picillll.  Validity 

(( 

1: 

30,000 

1856 

T^ti  iron  r»Ci.c    i~r\     t.  ono    Th'oo  t*    vit"ot*       / 1  ah*av    y\*>  T*t  i 
JLIltl  dlluco    lU    vvdpt?    X  Cdl    IIV  CI  ,      ^lUvV  Cl    pdl  b/j 

T"\Y*0  1  1  TV1        /""til  OT1! 

picliXLX.  Clldrlj  " 

(( 

1: 

30,000 

"1  Qa?\  titi 

X  OuU)     fJ  1 

IMlll  dllCco     LU    V^dptJ    X  cdl     I IV  CI ;     LUXlipdl  dll  v  C 

Clldl        \  ±  OOX —  OuJ^ 

(< 

1: 

20,000 

1857 

VY  lllVdll    Ucly    dHU.   Vydpt;   XvUHldll  bllUdlo,  pi t- 11111. 

chart,  -  

s  c 

1: 

100,000 

1854 

V»  111 dll    Ucvy    dJLlLl    VX CUl  ^CLL/  VV  il    llttl  uui.  piciiiii. 

pli  Cl  vf"            ------  - 

lllcll  U.                            -               --               --  - 

u 

1: 

40,000 

1855 

XVUXXldll  ItlltrLj   ^IldlUUl  Ul   lclUgt?^         -            -  - 

It 

I: 

40,000 

1 857 

T^i t  1 1  oi'  VvoTr    /li c\ vY^nv  nP  "rpfiicrPl  - 

JDLLllo     kJiXy  j    ^lldl  UUI    UL  IdLL^C'j 

li 

1: 

40,000 

1849  '51  '57 

n vl pq tnn  1  i  5i T*V*f >r   A ffi ft1     pTt  q n n  pi    pnm     vfj - 

vllallCOuUU    ilCllUUlj    XtlCLLiLLl;  O    UlldlLULUl j  UUiiipdld 

tivp  phnrt  ------ 

a 

1: 

5,000 

1854-56 

nii^Tio'pc!  in  niin vl pQtoTi  hnv  fvftrn  T  RfvO  to  1  Sfift 

UO    1  i-L    V_/ 1  i(  1 1  AvJo  LL/ 11    fJcXy    11  W  ill    1  UfJU    LU    1  Ut/L/, 

n 

1: 

10,000 

1855 

^Tnrf'li  T^d  i  Qt"n  nvPT   "nvpl  i  m   pli  ci  vl"  - 

J_i  UI  til  JLLiLLlotU  1 1  v  ci  ,   pi  Clllll.  Llldl  tj 

a 

1 

50,000 

1851  '53  '56 

ft"T   TTpIptio  QmiTirl    "nTplim    pVifiTT"  — 

kjlf.   JLJ-  ClCilcl  OUUILUj    piCli.111.   Ulldl  Uj 

it 

1: 

40,000 

1857 

"pAt't"   T?P\rCll    PlI^TCmPP   QTlfl     nPQll  mrf"    nQVllAT1  - 
1  Ult  XV UV  dl  Ull  Ul  dllUC  dllvL  XJ cdtllUl  u  11  dl  UUI ,  # 

Spfi-poast  ofS  0    from  n?iiip  Rnmnn  to  Sav^nnnli 

a 

1 

60,000 

1  Sit 

IOu  J 

t*i  \rPT*    i"ivpl  i  m     pIt  Q  ft"  - 
IIV  CI  .    p  L  Clll  11.    Uildl  Uj 

it 

1 

200,000 

lfiifi  Tit 

Scivo-niTQl-i  nvpr  PTitranpp      -         -         -  - 

Kj<X  V  CtllllCl'U   Il>  LI      Cllui  ClllUV.  •  f 

1 

30,000 

1  851 

1  Ut/  1 

Savannah  oitv  annroaohps  - 

.. 

1 

20,000 

1851 

Savannah  river,  prelim,  chart, 

li 

1 

40,000 

1855 

Romfvrlv  marshes                    -        -        -  - 

-t-  *.  v_y  111  V_/  L  -L  )       J.  IH.11  Oil       kj  j 

1 

•  10,000 

1855 

"Dnlinv  licir  cinrl  inlpi*  - 
yj\j\j\jy   kjcll  ciixll  iiiicl^  . 

1 

:  40,000 

St    Si  in  on 's    smmrl    nnrl    "Rrnn^wiolc  Imvlior 

kj  U«             1 11X  W 1-1  O        Uv/  U  11  V_L        CIXAVA       JJ1  UllO  11  IV.  IV        ilcH  UUi  j 

nvplirn    plinrt  ------ 

piClllll.    Ulldl  tj 

1 

:  40,000 

X  OuU,     d  1 

St   Andrpw's  slionl^  ----- 

1 

:  60,000 

1 850 

X  KJ  *J  \J 

St   ATciw1^  T>nv  anrl  T^f*T*nnnrlinn  linrliov  nvplim 

kj  V  •     J-TXcll  y    O    WCll     clllLL    JL  V^l  IJLtLlJ-VA  LllCl    I  LU  UUI  ,     yj  I  L  1  i  1 1  1  . 

p  n  q  vt  ------- 

Ulldl  Vf                                                                        -             -  - 

Fin 

1  Id. 

1 

:  20,000 

lOJU,    O  1 

St    TVfci rv^  V»n v  fi  n  fl   "Pp vn nn rl  in  n   Iti  rl  vm*    pnm - 

KJvm     XViCll  y   O     Ucll      <X11U.     X  CI  Hcli.lLllll<4,     lldl  UUI  j  UU1I1 

pdl  dll  V  C  Ulldl  Lj    1  IOtO   dllUL   X  OyU  K  " 

(( 

1 

:  20,000 

loOO 

St    Tolm'c;  T*i\rpi»  pntmnpp   wrplim  pliovt 

)Ot'.   tJ  Ul  111  o  I1VCI    CHuldllCCj    pi  LllllL    Clldl  by 

"          "          "       comparative  chart, 

It 

1 

:  25,000 

1  Oil.) 

It 

I 

l 

1  0  0(10 

lO  J  1 

St  John's  river  2  sheets  nrelim  phnrt 

KJ  U  •    1/  vlilL  O    1  i  V         j  — *    kj  1.X  uvl  ■   •    yJ  1  1    J  1  i  i  1  .  Villi.! 

j{ 

I 

:  25,000 

1  Sifi 

Mosquito  inlet,  

(( 

l 

:  40,000 

1851 

uape  ^cUiaveiai  hiiuaih,  ----- 

(( 

l 

:  60,000 

loOU 

Florida  reefs,  from  Key  Biscayne  southward, 

prelim,  chart,  

(( 

1 

:  200.000 

1855,  '57 

Positions  and  plan  of  beacons  on  Florida  reefs, 

(( 

1 

:  400,000 

1855 

Legare  anchorage,  prelim,  chart,  ... 

.. 

1 

:  20,000 

1855,  '57 

Turtle  harbor,  Florida  reef,  ... 

It 

1 

:  40,000 

1854 

Coffin's  Patches,  Florida  reef. 

It 

l 

:  20,000 

1854 

Key  West  harbor  and  approaches,  prelim,  chart, 
Tampa  bay,  

It 

l 

:  100.000 

1851,  '52 

It 

1 

:  120,000 

1855 

Waccasassa  bay,  prelim,  chart,  - 

It 

1 

:  60,000 

1856 

r 
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Name  of  Chart  or  Sketch. 


Channel  No.  4,  Cedar  keys,  ... 

Cedar  keys  and  approaches,  prelim,  chart, 

Ocilla  river,  

St.  Mark's  bar  and  channel,  - 

"       river,  prelim,  chart,  ... 

St.  George's  sound  entrances,  ... 

Apalachicola  entrance,  prelim,  chart,  - 

St.  Andrew's  bay,  prelim,  chart,  - 

Pensaeola  entrance  and  approaches,  prelim, 
chart,  , 

Sea-coast  of  part  of  Ala.  and  Miss.,  prelim, 
chart,        -       *  ..     -       -  *  - 

Pascagoula  river  entrance,  - 

Horn  island  channel,  ..... 
"       "     pass,  - 

Biloxi  bay,  prelim,  chart,  - 

Mississippi  city  harbor,  prelim,  chart, 

Pass  Christian  harbor,  

St.  Louis  bay  and  Shieldsboro'  harbor,  prelim, 
chart,  - 

Grand  island  pass  and  Pearl  river  entrance, 
prelim,  chart,  

Delta  of  Mississippi,  showing  changes  since 
1839,  

Lines  of  deep  sea  soundings  in  Gulf  of  Mexico, 
with  profiles  of  bottom,  .... 

Barataria  bay  entrance,  

Pass  Fourchon,  

Timballier  bay  entrance,  (Grand  pass),  - 

Ship  island  shoal,  near  Isle  Demiere,  prelim, 
chart,        -       -       -  ..... 

Vermillion  bay  and  Calcasieu  river  entrances, 

Sabine  pass,  

Galveston  bay,  prelim,  chart, 

Sea-coast  of  Texas,  from  Galveston  southward, 
prelim,  chart,  

San  Louis  pass,  prelim,  chart, 

Matagorda  bay  entrance,  prelim,  chart,  - 

Aransas  pass,  

Rio  Grande  entrance,  

Reconnaissance  of  Western  coast,  from  Mon- 
terey to  mouth  of  Columbia  river,  1  sheet, 

Reconnaissance  of  "Western  coast,  from  Mon- 
terey to  mouth  of  Columbia  river,  3  sheets, 

Reconnaissance  of  Western  coast,  lower  sheet, 
San  Diego  to  San  Francisco, 

Reconnaissance  of  Western  coast,  middle  sheet, 
San  Francisco  to  Umpquah  river, 

Reconnaissance  of  Western  coast,  upper  sheet, 
Umpquah  river  to  boundary, 

Cortez  bank,  off  coast  of  California, 

"  "  "  "      prelim,  chart, 

San  Clemente  island,  harbor  of  refuge  at  south- 
east end,  

Catalina  harbor,  

San  Pedro  anchorage  and  vicinity  of  Santa 
Barbara,    -      -      -      -      -  - 

Anacapa  island,  ..... 


State. 


Fla. 


Miss. 


Louis. 


Texas. 


Cal.  and  Or. 

n 

Cal. 
Cal.  and  Or. 
Or.  and  Wash.  T. 


Scale. 


30 
50 
20 
40 
30 
80 
20 
40 


1:  30 


200 
20 

100 
40 
40 
40 
40 


1:  30 
1:  40 
1:  60 


2400 
30 
10 
20 

80 
40 
40 
200 

200 
20 
40 
20 
20 


1:1000 
1:1000 
1:1200 
1:1200 
1200 


1: 

10,000 

1: 

80,000 

Cal. 

1: 

20,000 

.«  / 

1: 

15,000 

a 

1: 

20,000 

it 

1: 

20,000 

000 
000 
000 
000 
000 
000 
000 
000 

000 

000 
000 
000 
000 
000 
000 
000 

000 

000 

000 

000 
000 
000 
000 

000 
000 
000 
000 

000 
000 
000 
000 
000 

000 

000 

000 

000 

000 


Year  of  publica- 
tion. 


1852 

1854,  '55 
1855 
1852 
185G 
1853 
1857 
1855 

1857 

1856,  '57 

1853 

1846 

1852.  '53 

1855 

1857 

1851 

1857 

1857 

1851,  '52 

1855,  '56 
1853 
1854 
1853 

1853 
1855 
1853 

1851,  '52,  '55 

1856,  '57 
1853 
1857 
1853 
1854 

1850 

1850,  '51 

1852,  '53 

1854 

1855 
1853 
1856 

1856 
1852 

1855 
1854 


i 
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Scale. 

Year  of  publica- 
tion. 

Anacapa  and  east  end  of  Santa  Cruz  island, 
Prisoner's,  Cuyler's  and  San  Clemente  harbor, 

Cal. 

1: 

30.000 

1857 

<( 

1: 

20^000 

1852 

Santa  Barbara  mission  and  vicinity, 

<( 

1: 

20,000 

1853 

"      channel,  eastern  entrance,  prelim. 

chart,  -  

u 

1: 

80,000 

1857 

Santa  Cruz,  San  Simeon,  Coxo,  and  San  Louis 

Obispo  harbors,  -       -  - 

a 

1: 

20,000 

1852 

Point  Conception,  

Point  Pinos,  Monterey  bay,  .... 

u 

1: 

40,000 

1851 

a 

1: 

20,000 

1851 

Monterey  bay,  prelim,  chart, 

a 

1: 

60,000 

1857 

Santa  Cruz  and  Ano  Nuevo  harbors, 

it 

1: 

40,000 

1854 

San  Pedro  harbor,  ----- 

it 

1. 

30,000 

1852 

San  Francisco  bay,  

a 

1 

400,000 

1851 

Entrance  to  San  Francisco  bay,  prelim,  chart, 

ti 

1 

50,000 

1856 

San  Francisco  city  and  vicinity,  ... 

it 

1 

10,000 

1853 

South  Farallon  island,  - 

it 

1 

5,000 

1855 

San  Pablo  bay,  prelim,  chart,  -       -       -  - 

it 

1 

50,000 

1856 

Mare  island  straits,  prelim,  chart, 

.: 

1 

30,000 

1851,  '57 

San  Antonio  creek,  prelim,  chart,  - 

ti 

1 

20,000 

1857 

Point  Keyes  and  Drake's  bay, 

it 

1 

40,000 

1855 

Shelter  cove,  Mendocino  city,  and  Crescent  city 

harbor,  and  Port  Orford  or  Ewing  harbor,  - 

Cal.  and  Or. 

] 

20.000 

1854 

Humboldt  bay,  ------ 

1 

•  30,000 

1851 

Trinidad  bay,  

1 

20,000 

1851 

Umpquah  river  entrance,  - 

Or. 

1 

:  20,000 

1854 

Mouth  of  Columbia  river,  - 

it 

1 

•  200,000 

1850 

it                   it  it 

a 

1 

:  40,000 

1851 

Cape  Hancock,  (or  Disappointment), 

Wash.  Tcr. 

1 

:  20,000 

1851 

Shoalwater  bay,  - 

u 

1 

:  80,000 

1853,  '56 

Reconnaissance  from  Gray's  harbor  to  Admi- 

7 

ralty  inlet,  

'■ i  ti 

1 

:  600,000 

1853 

Grenville  harbor,  

it 

1 

:  20,000 

1854 

Cape  Flattery  and  Nee-ah  harbor,  - 

tt 

1 

:  40,000 

1853 

False  Dungeness  harbor,                   -  - 

it 

1 

:  30,000 

1853 

New  Dungeness  harbor,  - 

.. 

1 

:  40,000 

1856 

Canal  de  Haro,  Rosario  strait,  and  approaches, 

1 

:  200,000 

1854 

Port  Townshend,  ------ 

tt 

1 

:  40,000 

1854 

Duwamish  bay  and  Seattle  harbor, 

it 

1 

:  400,000 

1854 

Smith's  or  Blunt' s  island,  .... 

I 

:  20,000 

1854 

Port  Ludlow,  

u 

1 

:  20,000 

1856 

Port  Gamble,  - 

it 

1 

:  20,000 

1856 

Olympia  harbor,  - 

it 

1 

:  20,000 

1856 

Steilacoom  harbor,  - 

1 

:  30,000 

1856 

Bellingham  Bay,  - 

Blakely  harbor,  ------ 

! 

:  40,000 

1856 

1 

:  10,000 

1856 

56 


EEPOET  ON  THE  COAST  SUEArEY. 


Discoveries  and  Developments  of  the  Coast  Survey. — Were  this 
Committee  to  attempt  to  enumerate  or  to  enter  into  a  detailed  specification 
of  all  the  important  contributions  to  nautical  knowledge  which  the  Survey 
has  collected,  or  to  point  out  all  the  seriously  dangerous  errors  which  it  has 
succeeded  in  correcting,  this  branch  of  their  subject  would  overshadow  all 
the  rest,  and  their  report  would  degenerate  into  a  mere  catalogue  of  hydro- 
graphic  discovery.  Yet,  in  order  that  the  reader  may  have  the  opportunity 
of  informing  himself,  in  some  measure,  in  regard  to  matters  which  cannot 
conveniently  be  fully  presented  in  this  place,  we  shall  add  a  list  of  the  more 
important  discoveries  and  developments,  and  if,  in  connection  with  this,  we 
compare  the  ancient  charts  with  those  which  have  been,  in  later  years,  wrought 
out  by  the  American  Coast  Survey,  we  may  form  some  faint  idea  of  its  ines- 
timable benefits  to  navigation.  Let,  for  instance,  the  charts  of  the  port  of 
"New  York  be  examined.  By  far  the  most  serviceable  avenue  to  this  most 
important  of  our  harbors,  the  channel  (Gedney's)  made  use  of  now  by  ves- 
sels of  the  largest  class,  was  entirely  unknown  until  it  was  developed  in  the 
systematic  hydrography  of  the  bay.  Had  the  true  depth  of  this  channel 
been  known  in  1778,  (then  probably  existing,  as  seen  by  comparing  old  and 
new  charts,)  the  French  fleet  under  Count  d'Estaing  might  have  passed 
into  the  bay,  and  taken  the  assembled  British  vessels.  The  gradual  increase 
of  Sandy  Hook  to  the  northward,  narrowing  the  main  ship-channel  entrance, 
has  been  well  established  by  the  successive  observations  of  the  survey ;  its 
cause  has  been  investigated,  and  the  result  gives  encouragement  in  reference 
to  the  power  to  control  this  growth  of  the  Hook,  should  it  become  necessary. 
Take,  again,  the  approach  to  Philadelphia :  until  the  Coast  Survey  corrected 
the  error,  the  two  light-houses  which  define  the  entrance  to  the  Delaware 
were  variously  represented  on  the  charts  as  from  four  and  a  half  to  seven 
miles  more  distant  from  each  other  than  they  are  in  fact.  The  great  regu- 
lating landmark  of  our  pilots,  at  Bombay  Hook,  was  five  miles  out  of  place. 
The  deepest  and  most  sheltered  channel  in  the  widest  part  of  the  bay,  was 
supposed  to  be  almost  a  shoal.  Take,  again,  the  island  of  Nantucket,  fringed 
round  with  a  labyrinth  of  shoals,  which  seemed  to  defy  all  attempts  at  com- 
prehension : — see  it  now  all  pictured  out  upon  these  beautiful  charts  in  every 
minutest  detail,  like  a  great  citadel  with  its  outworks  systematically  disposed 
all  around  it.  Look  at  the  numerous  isolated  rocks,  ledges,  reefs,  and  shoals, 
on  all  parts  of  our  far-extending  coast-line,  located  with  the  utmost  degree 
of  precision. 

Some  of  these  individual  facts — many  or  most  of  them,  probably — have 
already  been  the  means  of  saving  many  ships  from  wreck  and  total  loss. 
There  is  no  extravagance  in  the  presumption,  at  least  if  we  strike  an  average, 
that  a  single  such  service  may  fairly  be  ascribable,  within  the  past  year,  to 
every  one  of  these  additions,  to  the  amount  of  knowledge  previously  existing 
in  regard  to  the  hidden  dangers  or  the  treacherous  currents  of  the  ocean. 
Let  this  estimate,  for  a  moment,  be  adopted;  and  let  the  value  of  ships  and 
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their  cargoes,  small  and  great,  richly  and  poorly  laden,  be  put  at  so  low  an 
average  as  twenty  thousand  dollars ;  it  will  appear  that  we  may  fairly  credit 
to  the  services  of  the  Coast  Survey  an  annual  saving  to  the  country  of  nearly 
three  millions  of  dollars.  If  in  this  conclusion  there  is  error,  there  can  be 
little  doubt  that  it  is  because  the  amount  is  put  too  low. 

The  recorded  disasters  to  our  marine  commerce  in  1855,  reached  still  a 
total,  in  spite  of  all  the  increased  security  which  the  charts  as  far  as  com- 
pleted have  given  to  navigation,  of  almost  twelve  millions  of  dollars. 

In  view,  therefore,  of  all  these  considerations,  the  Committee  cannot  but 
conclude,  that,  in  so  far  as  the  direct  objects  are  concerned  for  which  the 
survey  was  instituted,  the  wisdom  of  the  policy  in  which  it  originated  is 
abundantly  vindicated,  and  the  largest  expectations  of  benefit  from  its  exe- 
cution which  its  projectors  professed  to  entertain,  have  been  more  than  real- 
ized in  the  results  already  achieved. 

List  of  the  more  remarkable  discoveries  and  developments  by  the  United 
States  Coast  Survey  to  the  year  1858,  arranged  in  geographical  order. 

Casco  bay,  Maine :  determination  of  the  position  of  a  sunken  rock,  on 
which  the  steamer  Daniel  Webster  struck,  on  October  13,  185G. 

Gloucester  harbor,  Massachusetts :  a  rock  (not  on  any  chart)  in  the 
inner  harbor,  discovered  in  1853. 

Boston  harbor :  Broad  sound  channel  thoroughly  surveyed,  1848 ; 
several  rocks  in  the  fair  channel  way,  1854. 

Massachusetts  bay :  Stellwagen's  bank,  an  important  mark  for  ap- 
proaching the  entrance,  1854 ;  a  dangerous  sunken  ledge  (Davis'  ledge)  to 
the  eastward  of  Minot's  ledge,  1854 ;  development  of  a  reef  between 
Minot's  and  Scituate  light,  1856 ;  a  sunken  rock,  with  only  six  feet  at  low 
water,  off  Marshfield,  1856 ;  a  dangerous  rock,  near  Saquish  Head,  entrance 
to  Plymouth  harbor,  1856 ;  three  rocks,  partly  bare  at  low  water,  off  Mano- 
met  point,  determined  in  position,  1856  ;  a  very  dangerous  rock  off  Indian 
Hill,  and  four  miles  south  of  Manomet  point,  with  only  six  feet  water,  1856. 

Nantucket  shoals:  Davis'  New  South  shoals  discovered,  six  miles 
south  of  the  old  Nantucket  South  shoals,  and  in  the  track  of  ah1  vessels  be- 
tween New  York  and  Europe,  or  from  the  eastern  to  the  southern  states, 
or  to  South  America,  1846  ;  two  new  shoals,  1847 ;  six  new  shoals,  the  outer- 
most fourteen  and  a  half  miles  from  land,  and  with  only  ten  feet  water,18  I  s  : 
McBlair's  shoals,  1849;  Davis'  bank,  1848;  Fishing  Kip,  a  large1  Bhoal,  with 
four  and  a  half  fathoms,  surveyed  in  1852;  a  ridge  connecting  Davis'  New 
South  shoal  and  Davis'  bank,  1853;  a  small  bank  or  knoll,  beyond  the  limits 
of  the  series  of  shoals,  with  only  five  fathoms  on  it,  five  miles  east  of  Great 
Rip;  two  shoal  spots,  near  the  northern  extremity  of  Davis1  bank,  with 
fourteen  and  eighteen  feet  water,  1856. 

Nantucket  sound:  contraction  of  the  inlet  at  the  north  end  of  Mo- 
nomoy  islamd,  and  opening  of  new  entrance  to  Chatham  harbor,  L858j  Ed- 
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wards'  shoal,  south  of  Nantucket  light-boat,  1855  ;  two  shoal  spots,  with 
twelve  and  thirteen  feet  water,  1856  ;  survey  of  Muskeget  channel,  1848  and 
1850. 

Numerous  rocks  in  Martha's  Vineyard  sound,  Long  Island  sound,  and 
the  various  bays  and  harbors  connected  therewith. 

The  tides  and  tidal  currents  of  Long"  Island  sound,  of  Hudson  river, 
and  of  the  great  bay  between  Massachusetts,  Rhode  Island,  Connecticut, 
New  York,  and  New  Jersey,  1854  to  1857. 

New  York  bay  and  harbor:  Gedney's  channel  into  New  York  bay, 
having  two  feet  water  more  than  the  old  channels  ;  changes  in  New  York 
harbor,  between  1845  and  1858 ;  increase  of  depth  in  Buttermilk  channel* 
1848;  shoal  in  main  ship  channel,  1855. 

Sandy  Hook :  its  remarkable  increase  traced  from  the  surveys  of  the 
topographical  engineers  and  others,  and  by  several  successive  special  surveys 
made  between  1844  and  1857. 

Delaware  bay:  Blake's  channel  at  the  entrance,  discovered  in  1844, 
•open  when  the  eastern  channel  is  closed  by  ice  ;  Blunt's  channel ;  changes 
near  the  Pea  Patch. 

Coast  of  Virginia:  true  extent  and  position  of  the  dangerous  shoals 
near  Chincoteague  inlet,  1852 ;  Metonkin  inlet,  shoaling  from  eleven  to  eight 
feet  in  the  channel,  1852 ;  two  channels  into  Wachapreague  inlet,  both  with 
seven  feet  water  at  low  tide,  1852;  Great  Machipungo  inlet,  a  fine  wide 
channel  with  eleven  feet  water  on  the  bar  at  low  ebb,  and  fourteen  at  high 
tide,  with  good  anchorage  inside  in  from  two  to  eight  fathoms,  forming  the 
best  harbor  between  the  Delaware  and  the  Chesapeake,  1852. 

Entrance  to  the  Chesapeake:  two  shoals,  one  4f  nautical  miles  S.  E. 
by  E.  from  Smith's  island  light-house,  with  seventeen  feet  water  upon  it ; 
the  other  E.  by  S.  nearly  7f  miles  from  the  same  light,  with  nineteen  and  a 
half  feet,  1853  ;  finding  of  only  three  feet  water  upon  the  "  Inner  Middle," 
the  shoal  part  of  the  Middle  Ground,  west  of  the  "North  Channel,"  at  the 
Chesapeake  entrance,  1852. 

Chesapeake  bay:  determination  of  shoals  and  bars  at  mouths  of 
Great  and  ^Little  Choptauk,  Rappahannock  and  Patapsco  rivers,  1844  to 
1855 ;  New  Point  shoal,  with  only  sixteen  feet  water,  south-east  from  New 
Point  Comfort  light-house,  1854 ;  advantages  of  York  river  as  a  harbor, 
1857. 

Gulf-stream:  discovery  of  the  cold  whll,  alternate  warm  and  cold 
bands,  and  various  other  features  ;  discovery  of  cold  water  at  the  bottom  of 
the  ocean  below  the  Gulf-stream,  along  the  coast  of  North  and  South  Caro- 
lina, Georgia,  and  Florida,  1853;  submarine  range  of  hills,  beyond  the  Gulf- 
stream,  tracked  from  Cape  Florida  to  Cape  Lookout,  1855. 

Various  facts  relative  to  the  distribution  of  minute  shells  on  the  ocean 
bottom,  of  probable  use  to  navigators  for  recognizing  their  positions. 

Coast  of  North  Carolina:  dangerous  nine  feet  shoal  off  Cape  Hat- 
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teras,  1850 ;  a  new  channel,  with  fourteen  feet  water,  into  Hatteras  inlet, 
formed  during  1852,  which  is  better  and  straighter  than  the  old  channel ; 
changes  at  Hatteras  and  Ocracoke  inlets,  1857 ;  general  permanence  in 
depth  on  the  bar  of  Beaufort  harbor,  with  the  change  of  position  of  the 
channel,  1854 ;  the  well  ascertained  influence  of  prevailing  winds  in  the 
movement  of  the  bars  at  Cape  Fear  and  N"ew  Inlet  entrances  ;  the  shoaling 
of  Cape  Fear  river  bar  thoroughly  examined  for  purposes  of  improvement, 
1852,  and  the  changes  in  the  bars  and  channels  determined,  1855  and  1857  ; 
Frying  Pan  shoals,  off  Cape  Fear,  extending  twenty  nautical  miles  from 
Bald  Head  light-house,  surveyed  in  1851. 

Coast  of  South  Carolina:  Maflit's  new  channel,  Charleston  harbor, 
with  the  same  depth  of  water  as  the  ship  channel,  1850 ;  changes  in  the 
channels  of  Charleston  harbor,  and  in  the  entrances  to  Xorth  Edisto  river 
and  Port  Royal  harbor,  1852  to  1857. 

Florida  reefs:  a  harbor  of  refuge  (Turtle  harbor)  to  the  northward  and 
westward  of  Carysfort  light-house,  with  a  depth  of  water  of  twenty-six  feet 
at  the  entrance,  1854 ;  a  new  passage,  with  three  fathoms  water,  across  the 
reef,  to  Legare  harbor,  under  Triumph  reef,  (lat  25°  30'  N.,  long.  80°  03'  W.) 
which,  if  properly  buoyed,  will  be  valuable  as  a  harbor  of  refuge  ;  a  safe  rule 
for  crossing  the  Florida  reef  near  Indian  Key,  1854;  anew  channel  into  Key 
West  harbor,  1850 ;  Isaac  shoal,  near  Rebecca  shoal,  not  laid  down  on  any 
chart,  1852. 

Mobile  bay :  in  1832,  only  seventeen  feet  at  low  water  could  be  carried 
over  the  entrance  bar ;  in  1841,  it  had  nineteen  feet,  and  in  1847,  twenty 
feet  and  three  quarters,  as  shown  by  successive  surveys;  diminution,  almost 
closing,  of  the  passage  between  Dauphine  and  Pelican  islands,  1853. 

Harbors  on  the  coast  of  the  Gulf  of  Mexico :  determination  of  bars, 
shoals,  and  passes,  and  of  the  effect  of  wind  in  disturbing  the  tides. 

Pacific  coast  of  the  United  States:  various  surveys  and  charts  of 
small  harbors,  and  a  continuous  reconnaissance  of  the  entire  western  coast 
and  islands  adjacent,  a  great  part  of  which  was  imperfectly  known,  1849  to 
1857. 

Coast  of  California:  development  of  a  bar  at  the  entrance  of  San 
Diego  bay,  185G ;  a  shoal  in  San  Diego  bay,  with  only  twelve1  and  a  half  feel 
water,  not  on  any  chart,  1852;  determination  of  the  position  and  soundings 
on  Cortez  shoal,  and  of  a  point  of  rock  thereon,  1853  and  1856;  position  of 
a  rock  off  Point  San  Pedro,  on  which  the  steamer  "  Uncle  Sara"  struck,  1 856  : 
discovery  of  red  sand  in  soundings,  marking  the  entrance  to  the  Golden 
Gate,  1855. 

Columbia  river:  south  channel  surveyed  and  made  available  to  eoin- 
merce,  1851 ;  changes  of  channels,  their  southward  tendency,  and  a  new 
three  fathom  channel  from  Cape  Disappointment,  due  west,  to  open  water, 
1852;  further  changes,  LS53: 

Coasi  of  Washington  Territory:  shoals  and  dangerous  rocks  de- 
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termined  in  position,  in  the  Strait  of  Juan  de  Fuca,  Canal  cle  Haro  and  Ro- 
sario  straits,  1853  to  1857. 

Additional  List  for  1858,  of  some  of  the  more  remarkable  discoveries  and 

developments. 

Coast  of  Maine:  dangerous  rocks  off  Boon  island,  Cape  Neddick,  and 
the  mouth  of  York  river,  determined  in  position  ;  development  of  Fishing 
ledge,  Boon  island  ledge,  and  Duck  island  ledge ;  a  detected  rock  two- 
thirds  of  a  mile  northward  and  eastward  of  York  ledsre. 

Coast  of  New  Hampshire:  a  very  dangerous  rock,  with  only  six  and 
a  half  feet  water,  off  the  entrance  to  Portsmouth  harbor,  about  four  nautical 
miles  eastward  from  the  Whale's  Back  light ;  a  rock,  with  twelve  feet  at 
mean  low  water,  about  four  miles  and  a  third  eastward  of  the  Whale's  Back. 

Coast  of  ^Massachusetts :  an  extension  of  the  sand  spit  to  the  south- 
ward of  Sunken  ledge,  Boston  harbor,  since  the  survey  of  1847. 

Coast  of  Connecticut:  Luddington  rocks,  determined  in  position,  about 
ten  yards  apart,  one  mile  and  a  half  (nautical)  S.  W.,  by  compass,  from  New 
Haven  lm-ht-house. 

Coast  of  New  York:  Tidal  currents  in  East  river,  and  surface  and  sub- 
currents  investigated  in  New  York  harbor,  the  lower  bay,  and  on  the  bar. 

Charleston  harbor:  increase  of  depth  developed  in  Maffit's  channel. 

Coast  of  Florida:  a  new  and  deeper  channel  discovered,  leading 
into  St.  George's  sound  (Apalachicola),  at  the  eastern  end  of  Dog  island,  and 
anchorage  connected  with  it ;  shoals  near  the  East  and  West  passes  of  St. 
George's  sound,  and  a  new  channel  found  between  St.  George's  and  St. 
Vincent's  islands. 

Coast  of  California:  Whiting's  rock,  determined  in  position,  near 
"  The  Brothers,"  at  the  entrance  of  S.  Pablo  bay  ;  a  reef  developed  off 
the  Contra  Costa  flats,  San  Francisco  bay. 

Washingto?i  Territory:  a  bank  of  three  and  a  half  fathoms,  about  a 
mile  off  the  S.  W.  point  of  Sucia  island,  northern  entrance  of  Washington 
sound. 

Aid  afforded  to  the  Light-House  System. — The  survey  of  the  coast 
furnishes  also,  as  part  of  its  direct  results,  this  further  and  most  valuable 
benefit  to  the  navigator,  in  the  indication  of  the  most  appropriate  points 
upon  which  to  establish  lights,  beacons,  buoys,  fog-bells,  and  whatever  other 
constructions  may  be  useful  in  giving  assurance  of  safety,  or  indicating  the 
possibility  of  danger. 

For  the  judicious  selection  of  sites  for  light-houses,  it  is  necessary  to  be 
in  possession  not  only  of  the  hydrography  along  the  coast,  but  also  of  the 
topography  of  the  shore,  and  of  the  points  which  become  landmarks  in  con- 
nection with  the  lisdit-house.  This  information  we  have  seen  that  the  Coast 
Survey  furnishes,  and  hence  the  determination  of  light-house  sites  seems  to 
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be  a  part  of  its  appropriate  functions.  Such  has  been  the  view  of  the  sub- 
ject taken  by  the  government ;  and  accordingly,  in  1852,  the  construction 
and  general  disposition  of  the  light-houses  of  the  coast  having  been  confided 
to  a  Board  composed  of  officers  of  elevated  rank  in  the  army  and  navy, 
with  two  civilians  selected  for  their  high  scientific  attainments,  the  examina- 
tion of  suitable  sites  for  these  structures  was  assigned  to  the  Superintendent 
of  the  Coast  Survey.  In  the  six  years  that  have  since  elapsed,  preliminary 
surveys  or  examinations  have  been  made  in  more  than  one  hundred  local- 
ities on  the  Atlantic,  Gulf  and  Pacific  coasts  of  the  United  States,  and  at 
least  half  of  the  cases  reported  are  based  upon  recommendations  for  aids  to 
navigation  suggested  by  the  Assistants  while  surveying  in  the  respective 
localities. 

Aid  afforded  to  the  Planning  of  the  Defence  of  the  Coast. — The 
bearings  of  the  Coast  Survey  on  subjects  connected  with  the  defences  of 
the  coast,  must  be  passed  over  by  the  Committee  more  briefly  than  their 
importance  deserves.  The  eminent  soldier  at  the  head  of  the  Engineer 
Corps  of  the  Army,  on  whom  the  office  of  discussing  them  would  have 
appropriately  devolved,  was  on  the  eve  of  departure  from  the  country 
when  the  preparation  of  this  report  was  originally  taken  in  hand.  A  few 
paragraphs  from  his  letter  to  the  late  chairman,  written  a  short  time  before 
his  departure,  must  be  accepted  as  the  too  succinct  expression  of  his  views : 

"  I  cannot,"  he  says,  "  refrain  from  urging  you  to  insist  emphatically 
upon  the  very  important  aid  that  has  been  rendered  by  the  Coast  Survey  to 
the  system  of  National  Sea-coast  Defences,  and  to  the  improvement  and  pres- 
ervation of  harbors.  For  many  years  the  Engineer  Department  has  had  no 
other  resource  than  the  Coast  Survey  for  the  general  information  necessary 
for  the  determination  of  the  sites  of  new  fortifications.  It  lias  often  been 
without  other  resources  as  to  local  topography  and  hydrography.  It  has 
been  enabled,  by  this  aid,  greatly  to  expedite  the  construction  of  defensive 
works  of  the  highest  necessity:  and  I  must  not  omit  to  add,  that  the  opera- 
tions of  the  Coast  Survey  have,  on  some  occasions,  by  the  kind  consideration 
of  the  Superintendent,  been  specially  arranged  in  the  order  of  time,  and  in 
the  manner,  calculated  soonest  to  supply  our  necessities.  In  relation  to  the 
improvement  and  preservation  of  harbors,  it  may  be  said,  generally,  that 
great  as  the  function  of  exhibiting  the  coast  in  its  present  state  may  be, 
a  not  less  important  one  is  the  detection  of  its  disturbances  :  for  only  on  the 
exact  knowledge  of  these  (already  found  by  the  labors  of  the  Survey  to  be 
great  and  various,  and  often  threatening),  can  any  judicious  precautions  and 
remedies  be  founded.  Under  the  feeling  of  these  obligations  to  the  Coast 
Survey,  I  can  hardly  keep  from  warming  up  into  specification  and  amplifica- 
tion— for  which,  however,  I  have  no  time  under  the  arrangements  which 
are  pressing  on  me." 

Testimonials  from  the  Mercantile  Community  to  the  Value  of 
the  Coast  Survey. — Should  we  aim  at  conceiving  a  </<jhilt,'  estimate  of  the 
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value  of  the  contributions  afforded  by  the  Coast  Survey  to  the  development 
of  the  commerce,  and  thereby  to  the  general  prosperity  of  our  country, 
we  shall  find  the  importance  of  these  laboriously-gathered  results  so  to 
grow  upon  our  minds,  as  we  consider  them,  as  to  baffle  all  attempts  at 
computation. 

The  amount  of  wealth  (and  not  less  of  human  life)  which  they  have 
saved  from  being  ingulphed  in  the  waves  can  never  be  known.  The 
degree  to  which  marine  commerce,  relieved  by  them  of  many  of  its  perils, 
has  been  stimulated  into  higher  activity  through  their  influence,  must 
be  equally  matter  of  conjecture:  so  that,  in  fact,  the  difficulty  of  forming 
any  clear  or  adequate  idea  of  these  great  benefits,  grows  mainly,  at  last,  out 
of  their  very  magnitude. 

When  men,  like  ourselves,  whose  life  is  spent  upon  the  land,  and  whose 
occupations  little  familiarize  them  with  the  every-day  operations  of  com- 
merce, have  their  attention  more  particularly  drawn  to  this  subject,  they 
may  begin  to  feel  by  degrees  its  practical  importance,  and  in  some  measure 
to  realize  the  far-reaching  consequences  of  the  labors  we  are  reviewing. 
But  it  is  far  otherwise  with  the  merchants  and  the  sea-f  iring  men  of  the 
country.  Truths  which  we  recognize  but  occasionally,  and  by  a  special 
effort  of  the  attention,  are  their  daily  and  familiar  thoughts;  and  thus, 
whenever  an  uttered  opinion  in  regard  to  the  operations  of  the  Coast 
Survey  has  been  heard  from  such  a  source,  it  has  invariably  been  an 
emphatic  testimony  to  their  value. 

Thus,  the  Insurance  Companies  of  Boston  aver,  that  "  being  constantly 
concerned  in  the  security  of  the  navigation  of  our  own  shores,  and  having 
watched  wdth  interest  the  condition  and  progress  of  the  Coast  Survey," 
they  u  are  satisfied  that  every  year  it  is  rendering  very  valuable  service  to 
the  commerce  of  the  country  by  its  accurate  charts  and  by  its  important 
discoveries  ; "  and  they  express  their  conviction  that  "the  present  organiza- 
tion of  the  Survey  is  better  suited  than  any  other  to  insure  the  prosperity 
of  this  great  national  work,  and  to  provide  the  best  judgment  in  directing 
its  plans  of  operation,  and  the  greatest  skill  and  fidelity  in  their  execution." 

The  Chamber  of  Commerce  of  New  York  exult  in  the  "  energy  peculiar 
to  our  country "  with  which  the  work  has  been  prosecuted,  "  surpassing 
that  of  any  other  country  at  any  time ; "  and  protest  that  its  "  continued 
prosecution  is  due  not  only  to  the  interests  of  our  merchants,  but  as  an 
act  of  simple  though  tardy  justice  to  the  seafaring  classes  of  the  United 
States." 

The  Board  of  Trade  of  Philadelphia  refer  to  the  rapidity  and  economy 
with  Which  the  Survey  has  been  conducted,  and  to  the  value  of  its  publica- 
tions to  the  merchant,  mariner  and  under  writer,  and  declare  that  they 
should  view  its  "abandonment,  or  any  limitation  upon  its  present  extent  and 
plan,  as  a  public  injury." 

The  underwriters,  merchants  and  masters  of  vessels  of  Baltimore  speak 
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of  the  "various  discoveries  of  new  channels,  new  shoals,  and  other  impor- 
tant data  on  which  correct  sailing  directions  are  founded,"  as  "  of  great 
value  in  the  navigation  of  our  coast  and  harbors." 

The  Chamber  of  Commerce  of  Charleston  "  considers  this  work  as  of 
more  importance  to  Charleston  than  any  work  that  the  General  Government 
has  ever  undertaken  for  it." 

The  Savannah  Chamber  of  Commerce,  considering  it  "  matter  of  great 
interest  to  the  people  of  Georgia  that  the  work  which  has  been  for  some 
time  past  going  on  in  the  survey  of  our  coast  should  be  prosecuted  with 
vigor,"  resolved  that  their  senators  and  representatives  be  "respectfully 
requested  to  aid  .the  grant  of  the  necessary  appropriation." 

A  meeting  of  citizens  of  Mobile  "  cordially  recommend  to  the  favor- 
able notice  and  action  of  Congress  the  continuation  of  an  energetic  and 
active  prosecution  of  the  Coast  Survey,  as  a  work  of  the  greatest  utility  to 
the  various  interests  of  the  Union,  and  calculated  to  reflect  honor  upon  the 
intelligence  and  -  patriotism  of  this  country,"  and  that  their  thanks  be 
"  tendered  to  Professor  Bache  and  the  officers  under  his  direction,  for  the 
zeal  and  success  with  which  their  duties  have  been  performed  in  the  bay 
and  harbor  of  Mobile." 

Still  more  recently  than  the  before  quoted  testimonial  from  New  York, 
appears  a  memorial  signed  by  the  most  influential  merchants,  ship-owners 
and  underwriters  of  that  port,  who,  "believing  that  the  means  of  safety 
are  increased  by  the  vigorous  prosecution  of  the  United  States  Coast  Sur- 
vey, from  its  continually  developing  new  dangers,  and  locating  them  so  that 
they  may  be  avoided,  do  respectfully  ask  that  the  Secretary  of  the  Treasury 
may  urge  upon  Congress  the  necessity  of  increased  appropriations  for  the 
purpose  of  bringing  the  work  to  a  more  speedy  completion."  Also  appeal  s 
a  memorial  addressed  to  the  present  Honorable  Secretary  of  the  Treasury, 
and  signed  by  underwriters,  merchants,  traders,  manufacturers,  mechanics 
and  business  men  of  Philadelphia,  who  state  that  they  "have  for  many 
years  witnessed  the  satisfactory  progress  of  the  survey  of  the  coast  of  the 
United  States,"  and  that  "this  great  work  has  already  proved  of  eminent 
advantage  to  the  commerce  and  navigation  of  the  whole  country,  by  adding 
to  the  safety  of  life  and  property,"  and  that,  "believing  that  the  benefits  to 
be  derived  from  the  active  and  extended  prosecution  of  the  Coast  Survey 
are  of  a  character  to  reflect  honor  upon  the  administration  which  cherishes 
and  supports  it,  and  that  we  should  fail  as  a  people  in  our  duty  to  the  world 
by  neglecting  to  acquire  the  most  accurate  knowledge  of  the  dangers  that 
lie  upon  our  extended  line  of  sea-coast  and  harbors,"  they  "most  respect- 
fully ask  the  support  of  the  Coast  Survey  in"  the  Secretary's  "annual 
report,  and  the  recommendation  of  ample  appropriations  for  its  use." 

Sea-coast  Changes. — A  careful  examination  of  the  list,  of  discoveries 
above  given  will  bring  to  view  a  fact  which,  to  a  person  unfamiliar  with  this 
subject,  may  occasion  considerable  surprise.    More  than  cue  in  ten  of  the  dis- 
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coveries  of  the  Coast  Survey  are  discoveries  of  changes  in  the  ocean's  bed ;  not 
only  among  shoals  at  sea,  but  also  within  some  of  our  most  frequented  har- 
bors, and  in  the  channels  by  which  they  are  approached.  Similar  changes  occa- 
sionally occur,  also,  even  in  the  configuration  of  the  visible  coast  line  itself. 
This  consideration  is  sufficient  to  show  that  the  hydrographic  part  of  this 
great  work  cannot,  like  the  geodesic,  be,  once  for  all,  completed ;  but  that, 
in  order  to  maintain  permanently  in  the  charts  the  same  degree  of  accuracy 
which  is  originally  given  to  them,  the  soundings  must,  from  time  to  time,  be 
revised,  and  all  the  changes  of  depth  discovered,  carefully  noted. 

Tides  and  Currents. — Another  fact,  which  the  attentive  study  of  the 
same  catalogue  discloses,  is,  that  an  acquaintance  with  the  ocean  currents, 
and  with  the  irregularities  of  the  tides,  is  of  almost  as  much  importance  to 
the  mariner  as  a  knowledge  of  the  depth  of  the  water,  or  of  the  form  and 
character  of  the  bottom.  These  things,  and,  in  addition  to  them,  the  mag- 
netic elements,  are,  in  some  cases,  for  the  sake  of  greater  clearness,  given 
in  separate  charts.  The  present  Superintendent  of  the  Coast  Survey  has 
devoted  earnest  attention  to  all  the  subjects  of  this  class ;  and  he  is  espe- 
cially developing  the  complicated  laws  which  govern  the  tides  on  our  coast, 
in  a  comprehensive  and  masterly  manner.  The  preliminary  chart  of  cotidal 
lines  on  the  Atlantic  coast,  and  the  tide-tables  constructed  from  the  obser- 
vations of  the  survey,  have  been  already  incorporated  into  Blunt's  "  Coast 
Pilot ;"  for,  although  the  whole  investigation  is  still  in  progress,  and  is 
necessarily,  by  its  nature,  far  from  its  completion,  important  practical  results 
have  been  developed  which  have  been  immediately  put  within  the  reach  of 
the  navigator.  Preliminary  charts  of  tidal  currents  have  also  been  pre- 
pared for  various  localities  at  the  office  of  the  survey. 

Practically  valuable,  however,  as  is  the  investigation  of  this  difficult 
subject,  which,  in  the  present  able  hands,  is  proceeding  so  successfully,  it  is 
of  the  highest  interest  also  in  a  purely  scientific  point  of  view.  The  problem 
is  one  of  the  few  that  belong  to  the  globe  as  a  whole  ;  and  to  us,  as  pos- 
sessing a  territory  which  borders  on  the  two  great  oceans,  the  solution  of 
the  problem  appears  to  be  more  especially  committed  than  to  any  other  civi- 
lized nation. 

The  subjects  here  touched  upon,  sea-coast  changes,  tides  and  currents, 
while,  in  their  practical  bearings,  as  they  affect  the  interests  of  commerce, 
they  present  no  aspect  which  cannot  be  equally  comprehended  by  every 
mind,  have  yet  a  higher  significancy  and  stand  in  a  broader  relation  to  the 
physical  history  of  the  globe  than  is  likely  to  occur  to  any  but  those  who 
have  made  the  operations  of  nature,  as  they  are  constantly  proceeding  on 
the  largest  scale  over  the  whole  surface  of  our  planet,  the  subject  of  long- 
continued  and  careful  study.  The  opinions  of  such  men,  in  regard  to  the 
value  of  observations  like  those  which  have  just  been  occupying  us,  are  of 
much  more  than  ordinary  interest ;  and,  on  this  account,  the  following,  from 
a  member  of  this  Committee,  whose  life  has  been  devoted  to  labors  which 
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make  him  a  high  authority  upon  all  matters  of  this  description,  is  given  in 
his  own  Avords : 

"  The  observations  on  the  action  of  tidal  and  river  agencies,  in  changing 
the  form,  depths,  and  entrances  of  harbors,  are  of  well-known  importance. 
These  changes  are  so  perpetually  in  progress,  and  in  time  become  so  dis- 
astrous to  navigation,  that  a  corps  charged  with  the  duty  of  surveying  the 
coast,  and  mapping  out  the  annual  variations  of  sand-banks,  headlands,  and 
channels,  is  part  of  the  necessary  organization  of  a  well-ordered  government. 
But  beyond  this,  the  Coast  Survey,  as  at  present  conducted  by  Prof.  A.  D. 
Bache,  is  furnishing — in  addition  to  the  most  exact  determination  of  all  the 
features  of  harbors,  and  the  special  causes  of  change  operating  in  each, 
with  the  progressive  variations  in  the  action  of  these  causes  themselves— 
that  comprehensive  survey  of  the  whole  continental  coast,  and  the  move- 
ments  of  the  bordering  ocean,  which  is  essential,  in  order  to  arrive  at  the 
general  principles  governing  tidal  operations  and  coast  changes.  It  is  map- 
ping out  the  whole  grand  subject  of  the  Atlantic  tides  so  completely,  that 
the  special  details  of  each  bay  and  inlet  are  taking  their  true  places  in  the 
system ;  and  subordinate  to  these,  also,  the  movements  and  counter-move- 
ments in  harbors,  which  occasion  their  changes  in  depth  and  outline.  The 
questions  that  must  often  come  up  respecting  the  improvements  of  harbors,  or 
their  protection  from  encroaching  silt  or  sand,  are  thus  receiving  thorough 
solution  by  reference  to  the  widest  and  most  fundamental  principles." 

The  Committee  here  perceive  that  they  are  approaching  the  limit  at 
which  the  practical  becomes  blended  with  the  scientific  ;  and  while  those  re- 
sults of  the  survey  which  remain  to  be  examined  are  by  no  means  deficient 
in  value,  nor  often  even  in  a  value  eminently  practical,  yet,  since  they  can- 
not properly  be  classed  among  the  explicit  objects  in  view  of  which  the 
work  was  originally  instituted,  their  consideration  appears  most  fittingly  to 
fall  under  the  head  of  Collateral  liesidts. 

COLLATERAL  RESULTS :— ADDITIONS  TO  THE  AMOUNT  OF  SCIENTIFIC  OR 

USEFUL  KNOWLEDGE. 

0 

Contributions  to  Geological  Knowledge. — All  observation  conspires 
to  instruct  us  that  the  surface  of  our  earth,  under  the  action  of  the  elements, 
is  undergoing  continual  changes;  and  that  the  relation  existing  between 
land  and  sea  is  in  a  state  of  incessant  oscillation.  What  the  Coast  Survey 
has  disclosed  to  us,  by  its  severely  exact  methods  of  scrutiny,  of  the  mutual 
and  steadily  progressive  encroachments  of  the  water  and  the  land,  along  the 
entire  extent  of  our  own  ocean  border;  that,  also,  successive  generations  of 
men,  observing  without  method,  have,  in  the  lapse  of  centuries,  been  com- 
pelled to  recognize,  as  a  law  of  universal  prevalence,  wherever,  throughout 
the  globe,  these  contending  elements  come  into  contact;  and  that,  too, 
many  facts  of  recorded  history  attest,  in  instances  in  which  the  tooth  of 
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time  has  so  completely  obliterated  all  natural  traces  of  the  former  state  of 
things,  that,  but  for  the  existence  of  the  record,  not  a  suspicion  of  change 
could  ever  have  been  entertained.    That,  also,  many  imposing  monuments 
of  ancient  art,  colossal  mementoes  of  forgotten  centuries,  once  towering  sub- 
limely above  the  pigmy  dwellings  of  their  builders,  but  now  halfburied  in 
encroaching  sand,  avouch  in  solemn  silence  to  the  curious  wanderer  of  the 
desert :  while  other  ruins,  no  less  interesting,  tottering  on  the  margin  of  the 
sea,  reveal  the  same  truth  in  the  deep-worn  evidences,  which  they  bear  far 
up  among  their  crumbling  sculptures,  of  former  watery  violence;  and  in  the 
still  more  wasting  ravages  of  the  lithodomous  molluses  which  burrowed  in 
their  substance  when  the  waters,  which  vainly  lash  their  foundations  to-day, 
(enveloped  them,  in  some  unknown  period  of  the  past,  half-way  up  to  their 
elaborately  wrought  capitals.     That,  also,  islands   upheaved  above  the 
•ocean's  surface  within  the  period  of  authentic  history,  or  cities,  within  the 
same  period,  submerged  beneath  its  waves — extended  lines  of  coast  which 
the  paroxysmal  throes  of  volcanic  energy  have  suddenly  elevated  many  feet 
above  their  former  level,  or  as  suddenly  depressed  below, — or  which  the 
steady  and  long  continued  progress  of  secular  change  has  lifted  or  sub- 
merged more  slowly ;  that,  also,  the  growth  or  wasting  of  the  shores  under 
our  own  eyes,  in  numberless  localities  where  no  change  of  the  general  level 
is  perceptible;  that,  also,  the  rounded  and  water-worn  forms  of  the  pebbles 
which  lie  imbedded,  in  countless  multitude,  in  the  superficial  strata  of  every 
continent, — and  the  vast  deposits  of  marine  organisms  which  crown  the  very 
mountain-tops  with  evidences  of  once  swarming  primeval  life ;  that,  in  short, 
:an  almost  endless  series  of  unequivocal  and  most  convincing  indications  pro- 
claim, in  modes  as  various  as  the  mute  witnesses  themselves,  but  with  a 
harmony  of  testimony  as  irresistible  as  it  is  impressive. 

Considerations  like  these  invest  the  researches  of  the  Coast  Survey 
with  that  species  of  fascinating  interest  which  attaches  to  mystery,  and  im- 
part to  them  a  portion  of  the  dignity  which  belongs  to  those  grand  opera- 
tions of  nature,  whose  laws  they  assist  us  to  unveil.  This  noble  work  is 
gathering  for  us  the  statistics  of  secular  progress ;  and  it  is  no  idle  imagining 
to  suppose  that,  out  of  its  systematized  results,  and  those  of  other  equally 
searching  investigations  already  in  progress,  or  hereafter  to  be  instituted 
in  other  lands,  science  may  yet  be  able  to  unfold  to  us  all  the  wonderful 
history  of  those  stupendous  revolutions  which  have  marked  the  past,  and  all 
the  inevitable  transformations  which  still  impend  over  the  unknown  future 
of  our  globe.  Upon  the  point  here  presented,  the  Committee  take  the  lib- 
erty to  quote  once  more  the  language  of  the  eminent  authority  already 
introduced. 

"  Geology  is  gathering  much  from  the  results  of  the  Coast  Survey. 
The  rocks  of  the  globe  have  been  formed,  to  a  great  extent,  through  tidal 
and  current  action,  many  of  them  having  been  accumulated,  just  as  sand 
and  mud  deposits  are  now  accumulating  along  and  otf  the  shore  from  New 
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Jersey  south,  or  as  deltas  are  forming  about  the  mouths  of  rivers.  The 
operations  of  the  present  day  thus  explain  those  of  the  earth's  past  history. 
Science  is  hence  deriving  from  the  researches  of  the  Coast  Survey,  facts 
elucidating  the  whole  series  of  geological  formations.  The  surveys  of  the 
delta  and  mouths  of  the  Mississippi,  of  the  harbors  of  Mobile  and  Charles- 
ton, of  Delaware  river  and  bay,  of  New  York  and  other  bays  and  harbors, 
are  all  subjects  for  profound  study  with  those  who  would  understand  this 
great  branch  of  geological  dynamics  ;  and  they  look  for  other  important 
data  from  the  future  surveys,  that  shall  exhibit  the  changes  that  are  now  in 
progress,  and  the  rate  at  which  they  are  going  forward. 

"  Besides  investigating  the  origin  of  sea-shore  deposits,  and  the  causes 
of  their  varying  features,  soundings  off  the  coast  and  in  the  deeper  waters 
are  making  the  sea-bottom  a  part  of  term  cognita,  disclosing  the  positions 
of  its  valleys  and  plains  and  the  character  of  its  slopes,  and  marking  out  the 
true  limit  between  the  continental  areas  and  the  great  oceanic  depressions. 
The  coast  Survey  is  thus  enabling  the  geologist  to  extend  the  area  of 
research,  compare  the  causes  and  characters  of  submarine  ridges  with  those 
of  the  sub-aerial,  and  trace  the  directions  of  river  channels  over  the  sea- 
bottom  off  their  mouths. 

"  By  its  registers  of  depth,  it  is  also  preparing  to  detect  evidences  of 
variation  of  level  along  the  border  of  the  continent ;  or  evidences  of  stabil- 
ity, as  the  case  may  be :  and  this  is  becoming  a  subject  of  practical  impor- 
tance. Suspicions  have  been  thrown  out  respecting  a  slowly-progressive 
subsidence  along  the  coast  of  New  Jersey,  which,  if  sustained  by  a  thorough 
examination  of  the  facts,  suggest  a  new  topic  for  serious  consideration  to  all 
interested  in  New  York  commerce.  Whether  true  or  not,  the  point 
requires  examination  for  every  part  of  the  coast  of  the  United  States  ;  and 
this  examination  it  has  begun  to  have,  in  the  accurate  system  of  soundings 
and  measurements  of  the  Coast  Survey. 

"Along  the  coast  of  southern  Florida,  the  subject  of  coral  reefs  conies 
under  the  attention  of  the  Survey ;  and  in  investigating  the  forms  and 
formation  of  coral-reef  harbors,  like  that  of  Key  West,  their  rate  of  filling 
up,  or  the  influence  of  currents  in  keeping  them  open,  geology  is  receh ring 
other  important  contributions  from  the  facts  which  its  operations  arc  dis- 
closing. . 

"It  may  finally  be  observed,  that  the  study  of  the  material  brought  up 
by  the  lead,  in  the  prosecution  of  the  deep-sea  soundings,  is  making  some 
remarkable  revelations  with  regard  to  the  distribution  of  animal  life  ;  and 
that  thus  zoology  and  the  geography  of  life  are  deriving  much  from  the 
investigations  in  progress. 

"  All  these  scientific  contributions  arc  collateral  results,  incidental  to 
the  great  purpose  of  the  survey — results  attained,  not  through  independent 
researches  neeoHessly  introduced,  but  because  the)-  are  of  necessity  involved 
in  the  prosecution  of  the  great  purpose  itself,  and  thus  constitute  a  part  of 
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the  evidence  demonstrating  the  strict  fidelity  and  profound  ability  with 
which  it  is  carried  out.  They  flow  from  the  work  as  its  entirely  legitimate 
fruits,  and  take  their  place,  of  unquestionable  right,  alongside  of  those  other 
fruits  whose  legitimacy  is  universally  recognized,  and  in  which  humanity,  as 
well  as  commerce,  is  so  deeply  concerned." 

As  somewhat  more  specifically  illustrative  of  the  nature  of  the  interest- 
ing inquiries  connected  with  this  subject,  which  the  Coast  Survey  is  solving, 
or  will  yet  be  able  to  solve,  the  committee  venture  to  quote,  in  addition  to 
the  foregoing,  the  subjoined  passage  from  a  communication  obligingly  fur- 
nished by  another  geologist,  standing  deservedly  high  among  the  scientific 
men  of  the  country  : 

"  The  Mississippi  river,"  observes  this  gentleman,  "  presents,  perhaps, 
the  most  magnificent  example  in  the  world  of  a  large  river  discharging 
abundant  sediment  into  an  almost  tideless  sea.  In  the  Gulf  of  Mexico, 
therefore,  we  have  the  best  opportunities  of  studying  the-  phenomena  of 
river  deposit.  The  distribution  of  the  various  kinds  of  sediment  brought 
down  by  the  great  river,  the  slope  of  the  submarine  bank,  destined  to  be 
gradually  transformed  into  delta  and  added  to  our  territory — these  would 
be  problems  worthy,  in  themselves  alone,  of  the  attention  of  an  enlightened 
government.  And  these  important  problems  have  not  escaped  the  atten- 
tion of  the  accomplished  superintendent ;  as  may  be  seen  in  the  report  for 
1856,  map  No.  40,  where  the  distribution  of  sand,  mud  and  coral-mud  is 
carefully  laid  down.  But  there  are  several  points  of  interest  which  deserve 
further  attention :  It  will  be  seen,  by  reference  to  the  map  just  mentioned, 
that  the  lines  of  equal  depth  approach  each  other  near  the  mouth  of  the 
Mississippi,  showing  that  the  submarine  bank  formed  by  the  deposit  of  this 
river  has  a  very  rapid  slope  toward  the  south.  Near  the  mouth  of  the  river 
runs  the  line  of  six  fathoms ;  about  ten  miles  south,  the  line  of  fifty  fathoms ; 
and  from  this  point  the  bottom  slopes  so  rapidly  that,  at  the  distance  of 
three  or  four  miles  more,  a  line  of  two  hundred  and  thirty-six  fathoms 
found  no  bottom,  making  a  difference  of  nearly  eleven  hundred  feet  in  this 
short  distance.  Thus  we  have  a  considerable  inclination  of  strata  over 
large  areas,  produced  by  the  natural  agency  of  water  alone.  It  is  possible, 
however,  that  the  steepness  of  the  slope  may  be,  in  part,  due  to  the  exist- 
ence of  currents  (e.  g.  Gulf-stream,)  sweeping  across  the  mouth  of  this  river 
at  some  distance,  and  carrying  away  sediment  which  would  otherwise  be 
deposited  further  out.  It  is  important  to  ascertain  how  far  this  southward 
slope  is  modified  by  the  existence  of  any  such  current. 

"The  same  map  shows  that,  on  the  Gulf  side  of  the  peninsula  of 
Florida,  the  coral  bottom  (probably  coral  mud)  extends  as  far  north  as 
Tampa  bay.  It  would  be  extremely  interesting  to  determine  whether 
there  is  any  return  current  carrying  coral  mud  from  the  southern  point 
and  keys  of  Florida,  northward,  or  whether,  as  is  much  more  probable,  we 
have  here  additional  evidence  of  the  fact  that  the  coral  formation  of  the 


PART  II:  RESULTS. 


69 


peninsula  extends  northward  as  far  as  Tampa.  It  will  be  recollected  that, 
according  to  Tuomey,  the  eocene  may  be  traced  as  for  south  as  this  point. 
It  would  be  important  to  trace,  in  a  similar  manner,  the  coral  deposit  on 
the  east  side  of  the  peninsula  as  far  as  possible." 

Were  it  thought  indispensable  in  this  report  to  pursue  a  method  severely 
logical,  it  would  be  proper  here  to  complete  whatever  remains  to  be  said  in 
regard  to  the  aid  which  the  survey  of  the  coast  is  rendering  to  geological 
science.  Inasmuch,  however,  as  the  formation  of  submarine  strata  depends, 
as  we  have  seen,  in  great  measure  upon  the  distribution  of  sedimentary 
matter  through  the  agency  of  currents,  and  inasmuch  as  the  greatest  of  all 
the  currents  in  our  waters,  or  indeed  in  the  waters  of  any  known  sea,  has 
been  a  subject  of  special  study  and  elaborate  exploration,  under  the  direc- 
tion of  the  superintendent  of  the  Coast  Survey,  it  has  seemed  convenient 
to  defer  the  consideration  of  the  relations  of  that  great  stream  to  geology 
until  some  account  shall  have  been  driven  of  the  character  of  the  observa- 
tions  made  upon  the  stream  itself,  and  of  the  results  which  those  observa- 
tions have  gathered. 

Exploration  of  the  Gulf-stream. — The  observations  made  in  the 
progress  of  the  survey  of  the  coast,  with  regard  to  the  currents  of  the 
ocean,  and  particularly  with  regard  to  the  Gulf-stream  and  Labrador  cur- 
rent, are  in  point  of  importance  not  inferior  to  those  made  on  the  tides. 
The  oceanic  currents  embrace  completely  the  whole  globe,  and  follow  as 
regularly  an  established  system  in  their  movements  as  the  blood  circulating 
in  a  living  being.  This,  therefore,  in  its  most  general  aspects,  is  one  of 
those  world-wide  subjects  which  nations  should  undertake  to  investigate ; 
but,  in  the  actual  discharge  of  the  duty  thus  resting  on  them,  it  is  fitting 
that  each  nation  should  explore,  with  special  attention,  the  seas  that  wash 
its  own  shores.  To  ourselves,  whatever  relates  to  the  Gulf-stream  possesses 
a  paramount  interest,  since  every  vessel  which  approaches  our  Atlantic 
coast  from  abroad  is  compelled  to  cross  this  great  river  in  the  sea.  In  the 
exploration  of  the  stream  which  the  Coast  Survey  has  undertaken,  the 
velocity  and  direction  of  the  current  at  all  points  are,  of  course,  primarily 
noted  ;  but  especially  is  the  temperature  of  the  water  made  a  subject  of  very 
careful  study  in  all  parts  of  the  stream.  The  distribution  of  temperature  in 
the  axis  of  the  stream,  at  different  depths,  and  in  sections  at  right  angles  to 
the  axis,  has  been  diligently  investigated,  and  is  exhibited,  so  far  as  it  has 
been  hitherto  ascertained,  in  preliminary  charts.  The  investigation  em- 
braces, also,  the  position  of  the  axis  of  the  stream  at  different  seasons  of  the 
year,  with  the  variations  in  its  breadth,  the  changes  in  the  distribution  of 
temperatures  at  different  seasons,  and  the  connection  of  the  figure  of  the 
bottom  with  this  distribution  ;  also,  the  characteristics  of  the  Inner  cold 
current  making  in  a  direction  opposite  to  that  of  the  Gulf-stream ;  all  of 
which  points  are  materially  interesting,  not  only  to  general  Bcience,  but  i«> 
practical  navigation.    With  the  aid  of  the  perfected  map  of  this  stream, 
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and  of  its  attendant  counter-current,  such  as  the  survey  will  eventually 
bring  forth  from  its  accumulating  materials,  the  navigator  approaching  our 
coast  will  obtain  most  important  indications  of  his  position.  The  color  of 
the  water  itself  will  be  one  of  these  ;  but  a"  more  interesting  one  will  be 
found  by  merely  consulting  the  temperature  of  the  sea,  extending  the  obser- 
vations to  different  depths  below  the  surface,  as  well  noting  the  superficial 
temperature.  Thus  the  remarkable  and  sudden  change  of  temperature  which 
occurs  along  the  inner  edge  of  the  current,  the  warm  water  of  the  Gulf- 
stream  being  confined  as  it  were  by  a  "  cold  wall "  of  water  (a  term  hap- 
pily applied  to  it  by  Lieut.  G.  M.  Bache)  is  a  valuable  practical  guide ;  yet, 
in  order  that  it  may  be  a  safe  one,  the  laws  which  govern  the  position  of 
the  "cold  Avail"  at  different  seasons,  must  yet  be  carefully  determined. 
This,  and  various  matters  of  interest  still  unsettled  or  obscure,  can  be  pro- 
perly developed  only  by  a  series  of  observations,  extending  over  a  number 
of  years.  The  Coast  Survey  is,  in  fact,  now  supplying  what  Humboldt,  so 
long  ago  as  the  year  1804,  clearly  set  forth  as  important  desiderata  in  rela- 
tion to  the  Gulf-stream — a  subject  to  which  he  had  devoted  much  careful 
attention.    [Personal  Narrative,  <fcc.,  chap,  i.] 

We  may,  at  this  point,  with  propriety  resume  the  subject,  deferred  in 
the  discussion  of  the  topic  last  considered,  of  the  relations  of  the  Gulf- 
stream  to  the  submarine  deposits  heretofore  formed,  or  still  in  process  of 
formation,  upon  our  shores  and  beneath  the  waters  of  the  neighboring  seas. 
The  formation  of  shore  deposits,  whether  in  tideless  or  in  tidal  seas,  has 
been  investigated  to  some  extent  elsewhere,  particularly  under  the  direction 
of  the  English  government,  in  the  British  seas  and  the  German  ocean ;  but 
of  the  deposits  of  Oceanic  currents  in  deep  seas,  we  know  nothing  but  what 
has  been  revealed  by  the  Coast  Survey. 

One  of  the  most  important  contributions  by  which  American  geology 
has  ever  been  enriched,  is  the  discovery  made  by  Agassiz,  under  the  direc- 
tion of  the  Survey,  that  the  peninsula  of  Florida  is  of  recent  origin ;  that  it 
has  been  formed,  in  fact,  by  the  growth  of  successive  coral  reefs,  one  outside 
of  the  other,  from  north  to  south  ;  and  that  this  progressive  growth  is  still 
slowly  proceeding.  It  is,  however,  the  plausible  suggestion  of  Prof.  Joseph 
Le  Conte,  that,  in  order  to  furnish  a  foundation  on  which  the  corals  might 
build,  it  is  necessary  that  some  previously  acting  cause  should  be  taken  into 
the  account ;  inasmuch  as  probabilities  favor  the  supposition  that  the  water 
in  which  the  present  reefs  are  found  has  been,  at  a  former  period,  too  deep 
for  the  operations  of  these  polyps.  Such  a  cause  he  finds  in  the  great  stream 
we  are  considering.  The  waters  of  this  stream,  emerging  from  the  Gulf  of 
Mexico  highly  charged  with  sediment,  and  sweeping  in  a  curve  around  the 
point  of  Florida,  must,  in  his  view,  according  to  the  laws  of  current  action, 
have  deposited  a  portion  of  their  suspended  matter  within  the  curve.  And 
thus,  as  he  supposes,  a  submarine  bank  has  been  progressively  formed, 
extending  slowly  southward,  upon  which  the  distinct  reefs  pointed  out  by 
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Agassiz  have  been  successively  built.  Whether  or  not  this  theoretic  view 
is  correct,  is  a  point  in  regard  to  which  geologists  will  look  with  interest  to 
the  investigations  of  the  Coast  Survey  to  determine. 

Another  interesting  class  of  facts,  associating  itself  naturally  with  the 
explorations  of  the  Survey,  is  that  which  relates  to  the  agency  of  the  Gulf- 
stream  in  determining  deposits  in  the  open  ocean.  The  velocity  of  this 
powerful  current,  as  it  rushes  through  the  straits  of  Florida,  is  not  less  than 
five  miles  an  hour ;  and  with  this  great  velocity  it  emerges  to  the  north- 
ward into  a  wider  sea.  It  is  a  property  of  currents,  in  such  cases,  to  form 
an  eddy  on  either  side  :  and  if  the  stream  bear  sediment,  a  bank  is  the 
necessary  consequence.  A  notable  instance  of  this  is  seen  in  the  tidal  cur- 
rent which  rushes  through  the  British  channel  into  the  German  ocean, 
forming  eddies  which  have  resulted  in  the  production  of  submarine  banks. 
The  Bahama  banks  lie  east  of  Florida,  separated  from  that  peninsula  by  the 
Gulf-stream,  and  just  in  the  position  in  which  the  existence  of  the  stream 
would  naturally  lead  us  to  look  for  such  deposits.  Upon  these  banks,  also, 
coral  reefs  and  keys  have  been  formed.  It  is  highly  desirable  that  they 
should  be  further  examined  with  reference  to  this  point,  and  it  is  to  be 
hoped  that  the  operations  of  the  survey  may  be  so  extended  as  to  cover 
them. 

The  very  remarkable  configuration  of  the  sea-bottom  in  and  about  the 
Gulf-stream,  which  has  been  so  beautifully  brought  out  by  means  of  sections 
in  the  Coast  Survey  report  of  1853  (maps  No.  15  and  16)  is  a  fact  of  great 
importance  in  a  geological  point  of  view.  Commencing  from  the  coast,  the 
sea-bottom  deepens  very  gradually,  so  that,  at  the  distance  of  fifty  miles, 
only  the  depth  of  twenty  fathoms  is  attained.  From  this  point,  the  bottom 
slopes  rapidly  down  to  very  great  depths.  Thus  the  Gulf-stream  runs  like 
a  river  which  has  overflowed  its  banks.  Now  this  submarine  river-bank 
exists  all  along  the  coast  side  of  the  Gulf-stream.  It  is  upon  the  margin 
of  this  bank  that  the  coral  reefs  of  Florida  have  probably  grown.  The 
bank  may  have  been  produced  everywhere,  by  deposit  from  the  Gull- 
stream  ;  or  it  may  be  true  that  its  formation  has  been  the  result  of  sedi- 
ment from  all  the  Atlantic  rivers,  deposited  for  a  certain  distance  off  shore, 
and  then,  as  it  were,  cut  off  and  carried  away  by  the  current  of  the  si  ream. 
Both  causes  have,  not  improbably,  been  concerned  in  producing  the 
observed  effect ;  but  the  question  is  one  which  cannot  be  regarded  as  set- 
tled, and  one  on  which  the  Coast  Survey  will  yet  probably  shed  much 
additional  light. 

The  sections  already  spoken  of,  in  addition  to  the  lateral  bank  jus! 
mentioned,  reveal  the  existence  of  enormous  ridges  and  correspondingly 
profound  hollows,  running  in  the  direction  of  the  stream,  and  therefore 
nearly  parallel  to  the  coast.  The  stream  is,  moreover,  divided  longitudi- 
nally into  several  alternating  bands  of  warm  and  cold  water;  the  bands  of 
warm  water  corresponding  to  the  hollows,  and  those  of  cold  water  to  the 
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ridges.  These  bands  and  corresponding  hollows  and  ridges  commence  at 
Cape  Canaveral,  and  extend  to  a  great  distance ;  becoming,  however,  more 
indistinct  as  we  go  further  northward.  One  of  the  cold  bands  runs  along 
the  lateral  bank,  and  is  that  which  has  been  already  mentioned  under  the 
name  of  the  "  cold  wall "  of  the  Gulf-stream.  In  this,  a  slight  return  cur- 
rent has  been  detected  ;  but  whether  or  not  the  current  is  permanent,  is  a 
question  yet  to  be  definitely  settled. 

Now  the  origin  or  occasion  of  these  cold  bands  is  a  question  of  the 
highest  interest.  It  may  be  inquired,  are  they  bands  of  Atlantic  water, 
alternating  with  the  water  of  the  Gulf,  or  are  they  the  cold  water  of  a 
return  polar  current,  deep-seated  generally,  but  rising  somewhat  nearer  the 
surface  along  these  lines  ?  It  is  very  important,  in  view  of  these  questions, 
that  the  direction  of  the  current  of  the  cold  bands  should  be  determined, 
and,  if  the  warm  and  cold  waters  tend  in  the  same  direction,  that  their 
relative  velocity  should  be*  ascertained. 

It  is,  again,  a  question  of  no  less  interest  than  the  foregoing,  to  what 
cause  we  are  to  suppose  the  alternating  ridges  and  hollows  to  be  due. 
Possibly  they  are  mountain  ranges,  with  their  corresponding  longitudinal 
valleys ;  constituting,  thus,  a  submarine  system  parallel  to  the  Appalachian 
chain.  Possibly  they  are  only  lines  of  sedimentary  deposit,  determined  by 
the  existence  of  the  cold  bands  of  comparatively  still  water,  or  perhaps  even 
of  return  currents.  If  the  latter  supposition  be  correct,  then  the  ridges 
should  decrease  in  height  as  we  go  north ;  for  the  sedimentary  matter  must 
sink,  as  it  is  borne  further,  to  a  lower  and  lower  level.  And  even  if  the 
former  be  the  true  supposition — that  is  to  say,  if  these  elevated  ridges  are 
mountain  chains  of  igneous  origin — it  is  still  possible  that  they  may  have 
undergone  great  modifications  of  form,  from  the  subsidence  upon  them  of 
the  matters  held  in  suspension  by  the  waters  of  the  Gulf  stream. 

The  currents  of  the  ocean  suggest,  by  natural  association,  the  move- 
ments of  the  more  subtle  medium  above  it — movements  no  less  important 
to  the  navigator  than  those  of  the  ocean  itself,  since  the  question  of  his 
safety  is  often  dependent  upon  the  degree  to  which  they  may  be  favorable 
or  adverse.  On  this  subject  the  Coast  Survey  has  already  accumulated 
much  valuable  information ;  and  in  its  further  progress  it  will  unquestion- 
ably gather  much  more.  It  is,  therefore,  one  which  may  appropriately 
claim  the  ne^t  place  in  this  review. 

Contributions  to  Meteorological  Knowledge. — It  is  obvious  that 
a  correct  knowledge  of  the  force  and  prevailing  direction  of  the  winds  in 
different  seasons  of  the  year,  especially  in  the  vicinity  of  harbors,  must  be 
of  the  highest  importance,  not  only  to  the  safety  of  vessels  and  their  cargoes, 
but  to  the  security  of  human  life.  The  physical  causes  which  give  rise  to 
the  great  general  atmospheric  currents  may  be  considered  as  satisfactorily 
established  ;  butithe  influence  of  local  causes  in  modifying  these  currents  is 
jet  very  imperfectly  understood.    It  is  well  known  that  the  direction  of 
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mountain  chains  and  river  valleys  frequently  determines  the  course  of  the 
prevailing  winds.  This  is  strikingly  exhibited  in  various  places  on  this  con- 
tinent, and  especially  in  the  valley  of  the  Hudson  and  Mohawk.  And  the 
analogous  conditions  which  every  line  of  coast  presents,  lead  to  the  neces- 
sary conclusion  that  such  modifications  of  atmospheric  currents  must  be 
produced  by  them  near  the  land,  which  must  either  be  very  serviceable  or 
very  dangerous  to  the  navigator,  according  to  the  state  of  his  information. 

Observations  bearing  on  this  question  have  been  incidentally  made,  in 
connection  with  the  tidal  observations  of  the  Coast  Survey,  under  the  judi- 
cious guidance  of  the  superintendent ;  and  these  are  sufficient  to  throw 
some  light  on  the  laws  which  regulate  the  winds  at  certain  points  along  our 
coast.  At  Fort  Morgan,  at  Mobile  point,  and  at  Cat  island  light-house, 
near  the  entrance  to  Lake  Borgne,  the  observations  have  given  evidence  of 
local  peculiarities,  at  once  interesting  to  science  and  important  to  naviga- 
tion, distinguishing  the  winds  which  prevail  in  this  part  of  the  Gulf  of 
Mexico.  The  remarkable  frequency  of  north  winds  at  this  point,  and  the 
absence  of  west  winds,  so  strikingly  brought  out  in  the  graphic  delineations 
of  the  superintendent,  are  probably  in  a  measure  due  to  the  influence  of  land. 

The  effect  of  the  winds,  according  to  their  varying  force  and  direction, 
upon  the  level  of  the  water  in  harbors  and  inlets,  is  another  interesting 
result  incidentally  developed  by  the  Survey,  in  connection  with  the  investi- 
gation of  the  tides.  The  discussion  of  the  observations  made  during  the 
hydro-graphical  survey  of  Albemarle  sound,  clearly  indicates  the  influence 
of  the  wind  on  the  height  of  the  water,  and  has  furnished  the  means  of 
tracing  several  anomalous  effects  up  to  their  true  causes.  A  similar  discus- 
sion of  the  influence  of  the  wind  on  the  tides  in  Cat  island  harbor  on  the 
Gulf  coast,  leads  to  the  same  general  conclusions,  with  differences  in  the 
numerical  details,  which  are  of  high  scientific  interest.  The  observations 
conducted  for  some  years  past  at  Key  West,  Fort  Morgan,  and  Galveston, 
and  a  careful  investigation  of  the  winds  of  the  Gulf  coast,  made  for  purposes 
of  navigation,  and  as  determining  the  working  season  of  the  Coast  Survey, 
have  already  led  the  superintendent  to  many  valuable  deductions;  and  it  is 
highly  desirable  that  similar  observations  should  be  made  at  every  point 
commercially  prominent  along  our  ocean  border.  Such  researches  have  an 
obvious  bearing  on  the  safety  of  navigation  ;  and  those  which  relate  to  the 
effects  of  winds  on  the  waters  of  harbors  and  inlets  are  absolutely  indis- 
pensable, in  order  to  secure  the  necessary  accuracy  in  the  hydrography  of 
the  coast. 

Other  questions  connected  with  atmospheric  influences  which  the 
Survey  may  yet  clear  up,  can  be  but  hinted  at.  Such  are,  I'm-  instance,  the 
effects  of  rain  or  drought  upon  the  height  of  the  water  in  these  harbors, 
inlets  and  bays  which  receive  the  waters  of  extensive  hydrographic  basins, 
and  the  inquiry,  how  far  the  mean  level  of  the  ocean  is  affected  at  any  given 
place  by  the  pressure  of  the  atmosphere  upon  its  surface. 
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Contributions  to  our  Knowledge  of  Terrestrial  Magnetism. — 
Ever  since  the  directive  property  of  the  magnetic  needle  became  known, 
that  little  instrument  has  been  regarded  as  an  indispensable  part  of  the 
outfit  of  every  vessel  navigating  the  seas.  Its  utility  to  the  voyager  is  of 
so  universal  notoriety,  that  no  argument  is  necessary  to  prove  the  value  of 
any  species  of  research  whose  result  is  either  to  add  to  the  sensitiveness  of 
the  instrument  itself,  or  to  perfect  that  knowledge  of  the  earth's  magnetic 
influences  which  is  essential  in  order  that  its  indications  may  be  practically 
truthful  or  trustworthy.  The  use  of  the  compass  is  to  denote  to  the 
mariner  the  position  of  his  meridian  ;  but  the  needle  itself  very  rarely  coin- 
cides in  direction  with  the  meridian.  What,  therefore,  the  mariner  must 
know,  if  he  would  not  be  misled  by  the  very  guide  in  whose  infallibility  he 
often  for  days  together  implicitly  trusts,  is  the  exact  amount,  in  angular 
measurement,  by  which  the  visible  indication  of  his  instrument  is  fallacious. 

Now,  the  magnetic  meridian  is,  of  course,  laid  down  upon  the  charts. 
But  this  meridian  is  not  fixed.  Its  position  on  the  chart  is  true  only  for  the 
time  when  the  chart  is  constructed ;  or  rather,  for  the  time  when  the  obser- 
vations upon  which  it  rests  are  made.  It  is  therefore  an  important  problem 
to  determine,  if  possible,  by  what  law  of  change  the  position  of  this  merid- 
ian is  affected,  at  every  point  of  the  coast.  But  it  is  entirely  evident  that 
this  can  be  done  only  by  comparing  observations  regularly  made  during  a 
long  period.  It  can  be  done,  in  short,  in  no  other  way  but  by  that  species 
of  patient,  and  laborious,  and  protracted  observation,  carried  on  simultane- 
ously at  a  large  number  of  scattered  stations,  which,  in  the  earlier  part  of  this 
report,  has  been  described  as  the  method  which  the  superintendent  of  the 
Coast  Survey,  with  all  that  ability  and  knowledge  of  terrestrial  magnetism 
for  which  he  is  distinguished,  is  actually  pursuing.  These  observations  are 
not,  of  necessity,  confined  to  the  immediate  coast.  It  is,  on  the  contrary, 
desirable,  and  even  requisite,  that  they  should  be  extended  into  the  interior 
of  the  country,  in  order  to  develope  the  curves  of  equal  declination 
{isogonic  lines),  or  those,  in  other  words,  upon  which  the  variation  of  the 
compass  is  the  same.  The  determination  of  these  curves  by  observation  at 
sea,  with  the  precision  requisite  for  the  development  of  the  laws  of  change, 
is  almost  if  not  quite  impossible ;  but  from  the  curves  on  land,  extended 
beyond  the  coast,  all  that  can  be  desired  will  be  finally  attained.  What  - 
lias  been  thus  far  done  is  exhibited  in  valuable  preliminary  charts.  It  is 
hardly  necessary  to  observe  that  the  collateral  investigation  of  the  magnetic 
inclination,  or  dip,  and  of  the  intensity  of  the  magnetic  force,  constituting, 
indeed,  an  essential  rather  than  a  collateral  part  of  any  investigation  relating 
to  terrestrial  magnetism,  have  been  prosecuted  pari  passu  with  that  of  the 
declination. 

The  results  thus  gathered  possess  a  double  value ;  for  while,  to  the 
mariner,  they  associate  themselves  with  questions  which  involve  his  per- 
sonal safety  every  day  and  every  hour,  to  the  philosopher  who  devotes 
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himself  to  the  study  of  nature  in  her  mysteriously  varied  manifestations  of 
force,  they  possess  a  curious  interest  which  grows  with  the  aliment  it  gathers, 
and  sustains  his  zeal  in  quest  of  clearer  light,  under  all  the  oppressive  labor 
of  observations  multiplied  without  limit,  and  of  reductions  indescribably 
tedious. 

But  there  is  another  species  of  importance  attaching  to  the  results 
elicited  by  the  investigations  we  are  considering,  which  recommends  them 
to  the  attention  and  favor  of  citizens  of  every  class.  It  has  already  been 
intimated  that  the  direction  of  the  magnetic  needle  is  not  only  in  general 
not  due  north,  but  that  it  is  widely  diverse  in  different  localities,  and  never 
constant  in  the  same  locality.  Near  our  extreme  north-eastern  boundary, 
for  example,  the  deviation  is  at  this  time  fifteen  degrees  to  the  west  of 
north,  while  on  the  borders  of  the  Pacific  ocean  it  is  no  less  than  twenty- 
one  degrees  to  the  east  of  north.  Between  these  limits  it  has  every  inter- 
mediate value.  Now,  were  this  state  of  things  permanent,  we  might 
accommodate  ourselves  to  the  diversity,  wide  as  it  is ;  and  when  once  the 
actual  variation  had  been  ascertained  for  every  locality,  no  further  incon- 
venience need  be  experienced.  In  the  early  history  of  this  science,  and 
before  the  fact  had  been  detected  to  what  an  extent  the  declination  of  the 
needle  is  subject  to  change,  it  was  regarded  by  the  British  Government  as 
a  matter  of  so  high  importance  to  ascertain  the  true  amount  of  the  declina- 
tion in  every  part  of  the  world,  that  the  celebrated  Halley  was  sent  out  in 
command  of  a  government  vessel,  to  circumnavigate  the  globe  at  the  pub- 
lic expense,  in  order  that  he  might  gather  materials  for  the  construction  of 
a  magnetic  map  of  the  world.  His  mission  was  faithfully  accomplished,  and 
the  required  work  was  executed  in  a  manner  worthy  of  all  praise ;  but 
hardly  had  his  map  been  given  to  the  world  before  the  steadily  pro- 
gressive natural  changes  of  the  earth's  magnetic  forces  had  vitiated  all  its 
indications,  and  rendered  it,  for  the  purposes  intended,  practically  useless. 

Now  the  manner  in  which  these  changes  affect  landsmen  will  require 
no  explanation,  when  it  is  recalled  to  memory  that  all  the  boundaries  of 
landed  property  are  run  out  by  the  help  of  the  magnetic  needle.  But  the 
line  which  bore  due  north,  by  compass,  or  bore  in  any  other  specific  direc- 
tion, twenty  years  ago,  or  ten  years,  or  even  one,  varies  from  that  direction 
at  present  very  considerably.  When,  therefore,  a  not  very  well  informed 
surveyor  (and  there  are  a  good  many  such  in  the  country,)  attempts  to  use 
these  former  bearings  to  fix  the  line-fences  of  a  farm,  he  runs  out  a  new  pu  re 
of  land,  of  precisely  the  same  size  and  shape  as  the  original  tract,  but  with 
no  single  one  of  its  boundaries  coinciding  with  the  original  lines;  so  that 
the  new  piece  of  ground  thus  laid  out  overlaps  the  neighboring  form  on  the 
one  side,  and  leaves  a  gore  between  it  and  the  neighbor  on  the  Other  side. 
Then  conies  litigation  in  its  most  perplexing  form.  Hut  these  embarrass- 
ments will  be  removed,  for  all  future  time,  from  nil  places  included  within 
the  range  to  which  the  magnetic  observations  of  the  Coast  Survey  may 
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extend.  The  Survey  not  only  gives  the  actual  variation  at  definite  dates, 
but,  by  a  beautiful  application  of  mathematical  principles,  involving  most 
abstruse  considerations,  it  has  deduced  the  law  which  governs  the  changes, 
and  made  it  possible  accurately  to  predict  their  future,  and  to  reveal  their 
past. 

The  Coast  Survey  reports  for  1855  and  1856  contain  tables  of  mag- 
netic observations  and  charts  of  the  magnetic  declination,  dip  and  intensity, 
in  which  the  information  thus  far  collected  is  presented  in  very  perspicuous 
form.  Discussions  of  the  law  of  secular  variation,  with  diagrams  illustrative 
of  the  same,  are  also  given  there. 

The  true  bearings  between  the  Coast  Survey  stations  being  known, 
and  published  in  the  lists  of  Geographical  positions  (C.  S.  reports  for 
1851-53-55-57),  it  is  a  very  simple  matter  for  a  surveyor,  living  in  the 
vicinity  of  such  stations,  to  ascertain  the  variation  of  his  compass  at  any 
time,  by  observing  the  compass  bearing  of  a  line  between  such  stations.  In 
many  instances  the  assistants  in  the  Coast  Survey  have  also  planted  merid- 
ian marks,  at  the  request  of  local  authorities,  to  facilitate  the  ascertain- 
ment of  the  variation  of  the  needle. 

Bearing  ox  Geodetic  Surveys  of  the  States. — It  has  been  seen  that 
the  ordinary  methods  of  surveying  are  unsuited  to  the  work  of  delineating 
the  boundaries  and  territories  of  a  state.  In  fact,  that  which  is  called  a 
state  map  in  our  country  is  rarely  more  than  a  forced  combination  of  county 
maps,  these  made  up  in  turn  from  the  surveys  of  townships,  or  else  deter- 
mined by  arbitrary  guess-work.  It  is  obvious  that  the  townships,  however 
accurately  surveyed  by  compass  and  chain,  can  never  be  represented  truly 
on  the  composite  map  of  a  county ;  and  that  the  maps  of  counties  so  made 
up  cannot  be  brought  together  so  as  to  exhibit  a  correct  view  of  the  state. 
If  the  surveyor  has  assumed  a  southern  angle  as  his  point  of  departure,  each 
northern  line  will  be  too  long;  and  if  his  survey  has  begun  at  the  northern 
extremity,  all  his  southern  lines  will  be  too  short.  Errors  similar  in  their 
result  will  attend  the  running  of  eastern  and  western  boundaries ;  and  at 
last,  with  all  these  errors,  both  of  latitude  and  longitude,  the  lines  of  the 
survey  must  be  cut  down  or  extended,  to  bring  them  into  some  semblance 
of  relation  with  the  equally  erroneous  lines  of  the  divisions  which  are  to 
surround  it  on  the  map. 

It  is  within  the  knowledge  of  almost  every  land-surveyor  in  the  older 
states,  that  the  surveys  under  which  titles  were  made  from  the  first  proprie- 
tors almost  invariably  overlap  each  other,  or  leave  vacant  gores  and  quad- 
rangles between  them.  Nor  has  this  wholly  resulted  from  the  changing 
variation  of  the  compass,  though  we  have,  seen  that  that  cause  may  easily 
produce  the  effect ;  but  from  fundamental  error  in  the  principle  on  which 
common  field  surveying  rests — error  which  rapidly  opens  out,  as  the  area 
surveyed  is  enlarged.  So  notorious  and  general  are,  or  have  been,  these 
conflicts  of  title,  that  courts  have  long  since  held  that  wherever  natural, 
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or  even  artificial  landmarks  can  be  found,  the  angles  and  lines  of  the  record 
are  to  give  place  to  them.  Let  any  one  compare  the  modern  trace  of  a  rail- 
road with  a  map  of  the  state  which  it  traverses,  and  he  will  find  that 
neither  the  bearings  nor  the  distances  agree.  Let  him  undertake  to  meas- 
ure the  farms  which  are  contained  within  any  one  of  the  measured  triangles 
of  the  Coast  Survey,  or,  if  he  prefer  it,  within  the  local  map  of  his  own 
township,  and  he  must  not  be  surprised  to  find — for  he  assuredly  will — that 
the  whole  is  either  greater  or  less  than  the  sum  of  the  parts. 

In  older  countries  more  than  in  our  own,  yet  quite  enough  even  among 
us,  this  has  been  recognized  as  a  serious  evil,  embarrassing  titles,  inviting 
litigation,  and,  in  so  far  as  such  causes  are  operative,  discouraging  and  im- 
peding agricultural  progress.  The  result  abroad  has  been,  that  the  govern- 
ment has  assumed  the  burthen  of  ascertaining  for  every  man  the  true 
boundaries  of  his  landed  possessions.  The  geodetic  map  of  France  marks 
down  the  lines  of  every  farm  as  definitely  as  it  does  the  site  of  a  light-house, 
or  the  course  of  a  stream.  The  ordnance  maps  of  England  are  some  of  them 
on  a  minor  scale ;  but  their  tracings  are  almost  equally  minute :  while  the 
more  recent  surveys  of  Scotland  and  Ireland  are  expanded  to  the  proportion 
of  an  inch  to  the  acre,  and  note  even  the  minor  subdivisions  of  fields  and 
messuages — a  scale  not  too  large,  where  the  revenues  of  government  are 
derived  in  part  from  a  tax  on  lands. 

Should  it  be  determined  hereafter,  by  any  of  the  states  of  our  Union, 
to  frame  an  accurate  map  of  its  territory,  the  Coast  Survey  will  have  furn- 
ished many  of  the  indispensable  elements.  It  has  determined  for  us  the  ab- 
solute position  tithe  earth's  surface  of  at  least  some  of  the  most  noted  points 
of  our  domain;  and  of  these  several  are  in  the  interior  of  the  country.  Such 
determinations,  far  from  the  ocean,  may  appear  at  first  sight  to  have  no  nat- 
ural connection  with  a  coast  survey.  The  necessity  of  longitude  determina- 
tions on  the  coast  itself,  is  obvious  enough  to  any  one ;  not  only  because 
they  are  an  essential  element  of  the  geodesy,  but  because  they  afford  the 
mariner  convenient  opportunities  of  verifying  the  sea-rates  of  his  chronome- 
ters, by  comparing  the  well-determined  longitudes  of  these  points  with  those 
which  the  chronometers  give  when  he  visits  them.  Neither  of  these  objects 
seems  to  be  subserved  by  longitude  determinations  in  the  heart  of  the  coun- 
try; but  when  we  recall  the  extent  to  which  the  telegraph  has  been  of  late 
years  called  into  use,  in  determining  differences  of  longitude  between  distant 
points  in  our  country,  it  will  be  seen  that  it  is  a  question  of  secondary  im- 
portance precisely  ivhere  those  pla«£?are  situated  whose  longitudes  from 
Greenwich  are  first  accurately  settled,  in  order  that  they  may  be  used  as 
standards  of  comparison  for  the  points  on  the  coast  with  which  they  may  be 
in  electric  communication:  and  accordingly  the  points  first  and  most  natu- 
rally selected  will  be  those,  no  matter  where,  at  which  facilities  already  exist 
for  making  accurate  astronomical  observation.  Such  points,  for  example, 
are  Hudson  and  Cincinnati,  Ohio,  both  of  which  places  are  provided  w  ith 
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permanent  observatories.  Another  relation,  also,  these  interior  longitude 
determinations  have  to  the  Coast  Survey.  "With  the  march  of  the  telegraph 
they  will  be  pushed  forward  to  the  west,  and  at  no  distant  day  they  will 
form  a  grand  chain  extending  across  the  continent,  serving  in  a  most  satis- 
factory manner  to  verify  the  independently  determined  longitudes  of  the 
Pacific  coast. 

For  the  present,  however,  our  interest  in  these  determinations  is  found 
in  the  assistance  they  will  render  to  any  triangulation  which  may  be  set  on 
foot,  for  the  construction  of  an  accurate  state  map.  The  number  of  them 
which  the  Coast  Survey  has  made  is  considerable,  and  will  be  greater  as  the 
necessity  or  convenience  of  the  survey  may  require  ;  but  as  every  such  deter- 
mination is  attended  with  some  expense,  they  are  not  of  course  multiplied, 
except  on  such  considerations.  The  existence  of  the  work,  however,  affords 
our  legislatures  a  very  favorable  opportunity,  if  they  will  avail  themselves  of 
it,  by  the  exercise  of  a  moderate  liberality,  to  secure  the  exact  latitudes  and 
longitudes  of  all  their  capitals,  and  all  their  principal  cities. 

Another  facility  toward  the  institution  of  geodetic  surveys  of  the 
states  may  be  found  in  the  numerous  perfectly  ascertained  base  lines  which 
the  survey  has  measured,  and  which  may  be  used  as  the  foundation  of  a  local 
triangulation  extending  into  the  interior  of  each  state  from  the  ocean ;  till 
at  length  the  Atlantic  and  Pacific  surveys  may  verify  each  other  in  the  axis 
of  the  continent. 

But  more  than  this,  in  the  work  as  prosecuted  along  the  coast,  a  system 
has  been  introduced  and  perfected;  and  in  any  future  surveys,  which  may 
be  undertaken,  no  part  of  the  processes  will  be  tentative  or  doubtful.  The 
work  of  state  surveys  could  therefore  be  done  with  the  highest  expedition 
and  the  least  expense  compatible  with  the  nature  of  the  undertaking. 

And  finally,  under  the  auspices  and  the  instruction  of  the  present  ener- 
getic superintendent,  there  have  been  training  up  a  body  of  highly  educated^ 
active,  efficient  and  disciplined  men,  zealous  in  their  profession,  and  familiar 
with  every  detail  of  field-work,  computation  and  record,  that  can  enter  into 
the  geodesy  of  a  state. 

All  this  the  survey  has  already  done  in  the  way  of  facilitating  the  execu- 
tion, by  the  action  of  the  individual  states  themselves,  of  a  work  so  greatly 
on  many  accounts  to  be  desired,  as  a  geodetic  survey  of  the  whole  country. 
But  there  is  one  work  more  which  it  seems  almost  indispensable  that  it  should 
yet  do,  by  way  of  securing  the  highest  perfection  of  accuracy  to  its  own 
results ;  and  which  would  greatly  increase  the  facilities  we  have  been  con- 
sidering, while  it  would  at  the  same  time  extend  them  into  a  number  of  the 
interior  states  beyond  the  limits  of  its  present  operations.  The  work  here 
intended  is  a  triangulation,  in  a  direct  line  from  Maine  to  Alabama,  striding 
along  the  Appalachian  chain,  the  back-bone  of  the  country,  executed  for 
the  purpose  of  checking  and  verifying  the  seaboard  triangulation.  The 
facilities  for  large  triangles  afforded  bv  the  elevated  summits  of  this  moun- 
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tain  system,  would  make  it  practicable  to  span  the  whole  distance  by  a  very 
few  steps,  involving  a  far  less  liability  to  accumulated  error  than  the  trian- 
gulation  along  our  circuitous  coast ;  of  which  a  large  portion,  low  and 
densely  wooded,  excludes  the  possibility  of  long  lines  of  sight.  This  air 
line  triangulation,  measuring  the  chord  of  the  great  arch  formed  by  our 
Atlantic  and  Gulf  coast,  is,  in  the  opinion  of  this  Committee,  so  eminently 
desirable,  that  they  cannot  but  express  the  hope  that  it  may  receive  the 
sanction  of  Congress  at  a  very  early  day.  It  would  furnish,  directly,  base- 
lines for  the  geodetic  surveys  of  a  great  number  of  states,  some  of  which 
do  not  yet  possess  anything  deserving  the  name  of  a  map  of  their  territory. 
This  is  the  case  with  all  of  the  original  states,  Massachusetts  excepted  ; 
these  not  having  been,  like  the  younger  members  of  the  confederacy, 
mapped  by  the  system  of  public  land  surveys.  The  maps  constructed  upon 
the  data  furnished  by  the  latter,  are,  indeed,  in  a  great  degree  illusory ; 
and  they  must  eventually  be  superseded  by  proper  surveys  :  but  the  errors 
and  contradictions  found  in  attempting  to  construct  a  map  of  one  of  the 
older  States  from  existing  local  surveys,  are  enormous,  and  admit  of  no 
accommodation. 

It  is  indeed  gravely  to  be  regretted  that  the  surveys  of  our  public 
lands  are  not  conducted  by  the  methods  of  geodesy.  The  system  now  in 
use  found  its  apology  at  first  in  the  want  of  scientific  familiarity  with  the 
subject  in  this  country.  Its  essential  errors  are  only  beginning  to  untold 
themselves  in  the  experience  of  the  settlers :  but  they  are  errors  which, 
from  their  very  nature,  must  go  on  enlarging  themselves  in  accumulating 
ratio.  A  system  of  triangulation  would  have  made  the  nominal  limits  and 
areas  correspond  with  the  actual;  and  would,  at  the  same  time,  have  con- 
structed a  series  of  maps  of  the  new  states  without  cost,  and  absolutely 
accurate. 

The  belief  is  held  by  some  among  us  that  it  is  not  the  office  of  the 
Federal  Government  to  institute  a  survey  of  the  entire  domain  of  the 
nation.  Such  convictions  the  Committee  can  respect,  though  they  can  by 
no  means  unanimously  partake  them.  But  whatever  variety  of  opinion 
maybe  entertained  on  this  point,  surely  no  one  will  regret  that,  in  the 
exercise  of  a  power  which  is  unquestioned  in  any  quarter,  the  government 
of  the  Union  has  stimulated  the  governments  of  the  several  states  to  under- 
take such  a  work  in  the  exercise  of  their  own  sovereignty.  It  is  surely 
well  that  operations  which,  like  those  of  the  Coast  Survey,  an1  made  imper- 
ative by  the  exigencies  of  commerce  and  of  a  general  system  of  defence 
against  foreign  invasion,  should  also  proffer  benefits  to  those  states  which 
do  not  share  directly  in  the  hazards  of  navigation,  nor  need  Portresses  to 
protect  them  against  the  approach  of  an  enemy. 

Bearing  on  works  of  Internal  Improvement. — In  the  earlier  pari 
of  this  report  a  brief  description  is  given  of  the  field  operations  b)  whioh 
the  topographical  features  of  the  land  bordering  the  ocean  are  ascertained 
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and  delineated.  It  was  there  stated  that  the  lines  of  equal  level  are  drawn 
on  the  map  at  definite  distances  from  each  other,  measured  not  from  line  to 
line  on  the  map  itself,  but  vertically  from  one  horizontal  plane  to  another ;  the 
lowest  of  these  planes,  or  the  plcme  of  reference,  being  the  level  of  the  sea. 
To  make  the  principle  of  this  delineation,  if  necessary,  still  more  clear,  the 
shore-line  itself,  or  the  line  where  the  land  and  the  water  meet,  may  be 
taken  to  represent,  or  may  be  regarded  as  being,  the  lowest,  or  zero  contour 
line.  Let  then  the  water  be  supposed  to  rise  to  a  level  twenty  feet  higher, 
as  it  might  actually  do  in  some  places,  in  the  daily  flow  of  the  tide ;  and  a 
new  shore-line  will  thus  be  formed,  running  into  the  valleys  and  jutting  out 
at  the  points  of  the  hills.  This  would  be  the  second  contour  line  of  the 
topographical  map.  Let  another  and  another  rise  of  equal  amount  take 
place  successively,  and  a  series  of  contour  lines  will  be  formed,  which,  when 
delineated  on  the  map,  will  be  near  together  where  the  natural  slopes  are 
steep,  and  far  apart  where  they  are  gentle.  Such  are  the  lines  which  the 
survey  determines.  Drawn  on  the  map,  they  show  "to  an  instructed  eye  the 
form  of  the  ground  more  precisely  than  the  most  perfect  model  could  do ; 
and  by  far  more  satisfactorily  than  an  inspection  of  the  ground  itself,  which 
no  eye  or  mind  could  grasp  in  one  perfect  whole ;  or,  if  it  could,  could 
estimate  in  regard  to  the  relative  level  of  points  remote  from  each  other 
horizontally,  with  any  sort  of  precision.  For  that  the  ground  itself,  if 
it  could  possibly  be  seen  all  at  once  by  the  engineer,  might  be  to  him  all 
that  the  map  is,  in  making  up  his  judgments,  it  would  need  to  have  traced 
on  it  those  very  contour  lines  which  are  actually  traced  on  the  map. 

The  great  practical  use  of  such  maps  is,  that  a  line  of  road  can  be  at 
once,  by  their  help,  planned  out  in  such  a  manner  as  to  have  the  easiest 
grades  and  the  gentlest  curves,  all  obtained  at  the  least  cost  that  the  work 
admits.  Often,  too,  they  surprise  and  delight  the  engineer,  by  indicating 
a  line  of  gentle  slopes  and  easy  execution  between  important  points  already 
connected  by  a  road  running  over  high  hills  and  descending  into  deep  valleys. 
These  revelations  are  made  by  the  survey  incidentally  no  doubt,  but  neces- 
sarily, just  as  the  mapping  of  its  systematic  soundings  (a  process  precisely 
analogous)  has  already  revealed  important  channels,  before  unknown,  though 
leading  into  some  of  our  most  frequented  harbors. 

The  advantages  of  such  maps,  however,  can  be  but  imperfectly  realized  - 
by  the  Coast  Survey,  as  its  topography  is  restricted  to  a  narrow  belt  along 
the  coast ;  but  the  advantage  which  might  accrue  to  the  commonwealth, 
from  complete  topographical  surveys  of  the  interior,  on  the  model  of  the 
Coast  Survey,  cannot  be  over-estimated.  Of  similar  maps  of  Great  Britain, 
a  distinguished  engineer,  Mr.  Vignoles,  recently  testified  in  the  following 
emphatic  Avords :  "  I  can  lay  out  on  the  map  the  general  line  of  a  railroad 
to  within  twenty  or  thirty  yards,  and  say  to 'my  assistants  4  That  is  the  gene- 
ral line:  full  in  the  details' ; — whereas,  if  I  had  not  the  advantage  of  that 
map,  I  must  go  to  much  trouble  and  expense  in  doing  that  which  I  here  find 
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already  arranged  to  my  hand."  The  same  engineer  speaks  of  the  value  of 
similar  maps  in  the  Grand  Duchy  of  Baden ;  and  adds,  "  In  Switzerland  I 
found  some  portions  of  the  contours  so  accurate,  that  the  line  actually 
levelled,  after  I  had  sketched  it  out,  differed  scarcely  at  all  from  the  section 
produced  by  plotting  from  the  contours."  These  maps  wiH  even  supply  an 
approximate  estimate  of  the  cost  of  a  proposed  road ;  and  by  their  por- 
traiture of  the  country  which  it  is  to  lay  open,  will  enable  us  to  approach 
very  nearly  to  its  probable  revenue  and  profits. 

Bearing  oisr  the  Advancement  of  Science  in  General. — The  influ- 
ence of  the  Coast  Survey  in  promoting  scientific  tastes,  and  in  stimulating 
scientific  activity  in  our  country,  has  been  unquestionably  great.  This  inflr- 
ence  has  manifested  itself  not  only  in  the  zjal  and  interest  which  it  has 
awakened  in  the  study  of  abstract  theory,  but  in  the  amount  and  refinement 
of  skill  which  it  has  introduced  in  the  application  of  theory  to  practice  ;  not 
only  in  the  spirit  which  it  has  diffused  with  regard  to  the  observation  of 
nature,  but  in  the  happy  ingenuity  which  it  has  developed  and  set  at  work 
for  the  perfection  of  methods  of  observation.  It  has  been  itself,  in  the  first 
place,  a  school  of  scientific  practice,  in  which  many  of  the  younger  officers 
of  our  navy  have  been  thoroughly  trained  in  all  the  details  of  hydrographie 
surveying,  and  in  which  officers  of  the  military  arm  have  been  familiarized 
with  the  delicate  operations  of  geodesy.  Many  civilians,  also,  have  received 
similar  scientific  training  in  the  same  school,  whose  proficiency  and  enthu- 
siasm in  their  profession  have  first  directly  profited  the  Government  in  con- 
nection with  this  great  public  work,  and  have  afterwards,  in  their  retire- 
ment from  the  service,  carried  into  other  spheres  of  action  a  species  of 
attainment  of  the  rarest,  and  in  our  country  at  the  present  day,  of  the  most 
practically  valuable  kind. 

The  investigations  undertaken  by  the  Coast  Survey,  in  special  branches 
of  physical  inquiry,  have  likewise  added  greatly  to  the  interest  of  the  meet- 
ings of  the  Association,  to  which  this  Committee  owes  its  appointment  ; 
having  been  constantly  prolific  of  communications  possessing  the  combined 
merits  of  novelty,  variety,  and  value.  They  have  thus  aided  materially  in 
keeping  alive,  and  in  stimulating  to  higher  efforts,  the  spirit  of  scientific  re- 
search among  the  members  of  our  own  body,  and,  through  them,  operating 
upon  the  tone  of  public  sentiment  in  all  those  widely  separated  parts  of  the 
country  from  which  they  annually  gather.  Moreover,  these  investigations 
have  not  merely  thus  served  as  a  stimulus  to  intellectual  activity,  but  thij 
have  presented  models,  worthy  of  all  admiration,  for  the  imitation  of  investi- 
gators; and  have  thus  not  only  kindled  among  us  the  zeal  to  be  serviceable 
to  science,  but  have  done  very  much  to  show  us  how  we  may  be  most  s<>. 

The  scientific  journals  of  our  country  are  furthermore  greatly  indebted 
to  the  contributions  not  only  of  the  chief  of  the  survey,  whose  labors  in  this 
way  have  been  abundant,  but  also  of  those  associated  with  him  in  his  work, 
and  who,  in  their  special  departments,  have  brought  to  light  new  facts,  or 
6  i 
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originated  new  inventions,  or  developed  new  theoretic  views,  which  have 
added  to  the  variety  of  our  periodical  scientific  literature,  and  have  assisted 
in  advancing  our  scientific  reputation  abroad. 

If  any  one  particular  branch  of  American  science  is  more  indebted  to 
the  operations  of  the  Coast  Survey  for  the  life  which  has  been  instilled  into 
it  through  their  instrumentality  than  any  other,  it  is  probably  astronomy. 
The  astronomers  of  the  country  have  been  directly  called  on  by  the  survey 
for  their  active  cooperation  in  settling,  in  an  authoritative  maimer,  questions 
of  latitude  and  longitude.  They  have  responded  to  the  call  not  only  with 
cheerfulness,  but  with  zeal ;  and  they  have  found  themselves,  in  consequence, 
unconsciously  incited  or  allured  into  the  performance  of  other  labors  which 
had  not  been  demanded,  and  into  the  pursuit  of  new  investigations,  which 
had  not  before  suggested  themselves.  It  is  certainly  true  thai  within  the 
last  fifteen  or  twenty  years  American  astronomy  has  made  great  advances ; 
but  if  this  fact  is  recognized  or  admitted,  it  is  impossible  not  to  recognize 
at  the  same  time  the  important  agency  of  the  Coast  Survey  in  promoting  its 
advancement. 

It  may  finally  be  remarked,  that  the  survey  has  recently  even  lent  valu- 
able aid  to  history  by  causing  the  preparation  of  a  historical  account  of  the 
progress  of  discovery  on  the  western  coast,  as  connected  with  its  hydrog- 
raphy, and  by  collecting  the  maps,  old  and  new,  which  illustrate  this  his- 
tory. A  work  which,  in  so  many  ways,  and  with  so  abundant  success,  has 
contributed  to  promote  intellectual  progress  at  home,  and  to  secure  for  our 
country  an  honorable  reputation  abroad,  cannot  certainly  fail  to  command 
the  approving  appreciation  of  every  enlightened  and  patriotic  citizen. 

OPINIONS  OF  SCIENTIFIC  AUTIIORITIFS  ON  THE  COAST  SURYFY. 

When,  some  years  ago,  a  proposition  was  introduced  into  the  Senate  of 
the  United  States  to  transfer  the  Coast  Survey  to  the  Navy  Department, 
the  principal  scientific  bodies  throughout  the  country  presented  remon- 
strances against  such  a  course.  The  American  Academy  of  Arts  and 
Sciences,  the  American  Philosophical  Society,  and  the  Franklin  Institute,  of 
Pennsylvania,  made  elaborate  reports,  highly  approving  of  the  methods  and 
commending  the  progress  of  the  Survey.  The  Faculty  of  St.  John*s 
College,  of  Maryland,  and  the  Professors  of  the  University  of  Virginia, 
addressed  memorials  to  Congress  in  favor  of  the  work  as  organized. 

The  American  Academy  of  Arts  and  Sciences  says : 

"  In  conclusion,  it  is  the  deliberate  opinion  of  the  Committee  that  the  present 
Superintendent  of  the  United  States  Coast  Survey  has,  by  his  able  and  judicious,  his 
energetic  and  economical,  administration  of  this  great  national  work,  raised  it  to  the 
highest  order  of  successful  activity  and  deserved  popularity ;  and  that  he  has  thereby 
fulfilled  the  high  expectations  which  were  raised  at  his  appointment." 

The  American  Philosophical  Society  states : 
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"  That  the  survey  of  the  coast  is  a  work  which,  from  its  importance  to  our  citizens, 
recommends  itself  in  the  strongest  manner  to  the  protection  of  the  Government.  That 
the  benefits  of  a  scientific  and  practical  character  which  have  already  been  derived  and 
are  constantly  resulting  from  it,  are  such  as  to  repay  abundantly  the  labor  and  expense 
which  has  been  and  may  be  hereafter  devoted  to  it.  That  it  has  heretofore  been  con- 
ducted accurately,  efficiently,  and  economically,  and  that  there  is  every  reason  to  believe 
that  it  will  best  thrive  by  being  left  with  its  present  organization.  And  that,  as  well 
from  the  magnitude  of  the  undertaking  as  from  the  skill  and  energy  with  which  it  has 
been  conducted,  it  will  prove  honorable  to  those  who  first  conceived  it,  and  to  those  who 
have  been  engaged  in  its  prosecution." 

This  Society  urges  the  publication  of  the  observations  upon  which  the 
maps  and  charts  produced  by  the  Survey  have  been  founded ;  and  extends 
this  recommendation  to  the  methods  used  for  the  computation  and  discussion 
of  the  observations: — a  subject  to  which  the  attention  of  the  Government 
had  been  repeatedly  drawn  by  the  Superintendent ;  and  which  it  is,  in  the 
interests  of  science,  sincerely  to  be  hoped,  will,  at  no  distant  day,  be 
favorably  acted  on. 

The  Franklin  Institute  conclude  their  report  with  the  following : 

"  First.  That  the  work  is  national  in  its  character,  and  ought  to  be  continued  by  the 
Federal  Government  upon  a  scale  commensurate  with  its  practical  importance,  and  with 
the  extent  and  variety  of  the  objects  which  are  benefited  by  its  results. 

"  Second.  That  the  manner  in  which  it  is  at  present  organized  is  economical,  efficient, 
and  scientific — giving  its  results  with  sufficient  rapidity,  at  moderate  cost,  and  upon 
scientific  and  practical  principles. 

"  Third.  That  its  labors  ought  to  be  (as  they  now  are)  divided  among  the  civil, 
military,  and  naval  talent  of  the  country,  in  order  to  secure  to  each  of  these  departments 
that  knowledge  of  its  processes  and  determinations  which  are  equally  required  by 
them  all. 

"  Fourth.  That  the  benefits  which  the  nation  has  already  obtained  from  it  have 
fully  justified  its  cost,  and  that  those  benefits  ought  now  to  be  continued  to  the  whole  of 
the  States  of  the  Union,  upon  as  broad  and  liberal  a  scale  as  the  Government  has  hitherto 
applied." 

The  American  Association  for  the  Advancement  of  Science,  at  their 
meeting  held  in  Cambridge  in  1849,  appointed  a  committee  to  consider 
the  subject  of  the  Coast  Survey,  whose  report,  entirely  favorable  to  the 
administration  of  the  work,  was  unanimously  adopted  by  the  scientific  men 
then  and  there  present  from  the  different  parts  of  the  United  States.  Their 
opinions  are  expressed  in  the  following  resolution : 

"  Resolved,  Asa  sense  of  the  American  Association  for  the  advancement  of  Science, 
that  the  manner  in  which  the  Coast  Survey  of  the  United  States  has  been  conducted  by 
Professor  A.  D.  Bache,  and  those  associated  with  him,  is  highly  creditable  to  American 
science,  that  it  promises  great  benefit  to  the  commerce  and  navigation  of  the  country,  and 
it  is  eminently  entitled  to  the  continued  favor  of  Congress." 

This  Association  have  i^ince  testified  their  undiminished  confidence  in 
the  Superintendent  of  this  work  by  electing  him  their  President,  the  highest 
position  which  can  be  occupied  by  a  scientific  man  in  our  countrj , 

When  the  rumor  reached  Europe  that  the  present,  organization  of  tin' 
Coast  Survey  was  assailed,  the  venerable  Humboldt,  and  his  compeer  of 
the  French  Academy  of  Sciences,  Arago,  wrote  to  their  friend  and  C01T68- 


84 


'REPORT  ON  THE  COAST  SURVEY. 


pondent,  Professor  Schumacher,  of  Altona,  expressing  flattering  opinions  of 
the  manner  in  which  the  Survey  was  conducted,  of  the  attainments  of  the 
Superintendent,  and  of  the  honor  which  our  country  obtained  abroad  from 
the  successful  prosecution  of  this  great  work. 

No  name  stands  before  that  of  Arago  in  the  science  of  the  world, 
and  he  speaks  of  the  probable  loss  of  Professor  Bache's  services  as  a 
misfortune  which  he  desires  to  unite  with  all  that  Europe  has  most 
distinguishefd  in  science,  to  prevent." 

Baron  Humboldt,  addressing  Professor  Schumacher,  says: 

"  You  know,  better  than  I  do,  in  how  high  an  estimation  the  director  of  the  work 
for  the  survey  of  the  coast  stands,  not  on)}7  among-  ns,  but  among  all  the  most  illustrious 
men  who  in  France  and  England  are  interested  in  the  study  of  geography  and  nautical 
astronomy.  To  the  most  solid  knowledge  of  astronomy  and  mathematics,  Mr.  Bacbe 
unites  in  a  very  eminent  degree  that  activity  of  mind  and  extent  of  views  which  render  a 
work  of  practical  utility  profitable  to  the  science  of  the  physics  of  the  globe.  In  a  region 
of  the  globe  where  the  direction  of  oceanic  currents,  the  differences  of  temperature  pro- 
duced by  these  currents  and  by  the  upheaval  of  the  bottom  and  the  direction  of  the 
magnetic  curves,  offer  so  important  phenomena  to  the  navigators,  such  a  great  work  could 
not  be  placed  in  better  hands  than  those  of  Dr.  Bache.  The  Government  of  the  United 
States  has  acquired  a  new  right  to  our  gratitude  by  protecting  nobly  that  which  has 
arrested  the  attention  of  the  hydrographers  and  astronomers  of  Europe.  I  should  be 
glad  to  think  that  in  a  country  where  I  am  honored  with  so  much  good  feeling,  my 
feeble  testimony  might  contribute  to  enliven  the  interest  which  is  due  to  the  excellent 
labors  of  Mr.  Bache." 

Professor  Schumacher,  the  learned  astronomer  of  Altona,  transmitting 
these  letters,  says : 

"  You  will  see,  by  the  enclosed  letters  of  our  common  friends,  M.  Arago  and  the 
Baron  von  Humboldt,  how  anxious  they  are  to  know  ir  the  great  work  you  have  under- 
taken will  remain  in  the  hands  to  which  the  whole  scientific  world  would  have  entrusted 
it.  Let  me  hope  that  the  fears  they  entertain  are  only  founded  upon  vague  rumors. 
Your  country  must  be  proud  to  call  you  its  own,  and  will  repay  you  in  gratitude  what 
you  do  for  her  scientific  glory." 

The  Baron  von  Humboldt  very  recently  expressed  to  a  member  of  this 
Committee,  in  a  personal  interview,  the  highest  appreciation  of  the  Coast 
Survey  of  our  country ;  and  the  warmest  admiration  of  the  manner  in 
which  it  had  been  conducted,  and  of  the  peculiar  qualifications  of  its  chief. 

Capt.  (now  Admiral)  W.  H.  Smyth,  R.  N.,  President  of  the  Geograph- 
ical Society  of  London  in  1850,  in  speaking,  in  his  address  of  that  year, 
of  the  United  States  Coast  Survey,  says : 

i:  The  Coast  Survey  of  the  United  States  is  a  truly  national  undertaking,  and  has 
been  most  creditably  conducted  through  all  its  var'ous  departments  of  science.  1  have 
studied  the  question  closely,  and  do  not  hesitate  to  pronounce  the  conviction,  that  though 
the  Americans  were  last  in  the  field,  they  have,  per  saltum,  leaped  into  the  very  front  of 
the  rank. 

"  Were  I  asked  to  give  instances,  I  would  say,  look  to  their  beautiful  maps  and 
charts ;  see  their  practise  of  establishing  longitudes  by  electricity,  and  the  probab'e 
extension  of  its  wonderful  chronograph ic  applications ;  mark  their  novel  method  of 
taking  and  recording  transits  by  a  galvanic  circuit ;  and  consider  the  excellence  and 
refinement  of  their  astronomical  observations  for  geodetic  purposes,  as  proved  by  their 
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being  able  to  detect  the  alteration  of  gravity,  caused  by  a  difference  in  the  density  of  the 
earth's  crust." 

The  President  of  the  same  Society,  in  his  address  in  1852,  while  noticing 
with  admiration  the  very  efficient  manner  in  which  the  Survey  has  been 
conducted,  and  the  rapidity  with  which  the  work  has  been  carried  on 
alono-  the  western  shores  of  the  continent,  classes  it  as  "  one  of  the  most 
perfect  exemplifications  of  applied  science,  of  modern  times." 

And,  finally,  we  may  call  attention  to  the  emphatic  tribute  to  the  value 
of  the  Coast  Survey,  from  Sir  Roderick  Murchisox,  President  of  the 
Royal  Geographical  Society  of  London,  on  presenting  the  Victoria  Gold 
Medal,  adjudicated  for  the  year  1858  to  Professor  Bache,  in  consideration  of 
"  his  successful  labors  in  carrying  out  the  great  Coast  Survey  of  the  United 
States  of  America." 

"  It  would  be  impossible,'7  he  says,  "  to  do  justice  to  an  extensive  work  of  this  sort 
on  an  occasion  like  the  present ;  but  as  the  previous  reports  of  this  celebrated  Coast 
Survey,  from  1844  to  1855  inclusive,  are  in  our  library,  those  of  our  associates,  and  of 
the  public  generally,  who  wish  to  form  an  estimate  of  their  value,  can  do  so  at  their 
leisure,  and  they  will  see  how  vastly  our  medallist  has  pushed  on  this  great  work.  They 
will  assuredly  then  rise  from  the  examination  with  the  thorough  conviction  that,  whether 
we  regard  the  science,  skill,  and  zeal  of  the  operators,  the  perfection  of  their  instruments, 
the  able  mannner  in  which  the  Superintendent  has  enlisted  all  modern  improvements  into 
his  service,  the  care  taken  to  have  the  observations  accurately  registered,  his  modest  and 
unpretending  demeanor,  or  the  noble  liberality  of  the  G  overnment,  tempered  with  prudent 
economy,  all  unprejudiced  persons  must  agree  that  the  Trigonometrical  Survey  of  the 
United  States  of  America  stands  without  a  superior." 

/ 
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With  these  voluntary  and  emphatic  testimonies  to  the  character  of  a 
work  as  magnificent  in  its  scientific  aspects  as  it  is  valuable  in  those  which 
are  purely  utilitarian — testimonies,  moreover,  emanating  from  sources  which 
rank,  in  point  of  authority,  among  the  highest  known  to  the  scientific 
world — the  committee  might  be  justified  in  closing  a  report  already  pro- 
tracted beyond  their  expectation.  After  the  extended  review,  however, 
which  tjiey  have  taken  of  the  purposes  in  which  this  great  undertaking 
originated,  of  the  history  of  its  growth,  and  expansion  of  the  processes 
involved  in  its  execution,  and  of  the  brilliant  results  which  have  already 
crowned  its  diversified  labors,  it  will  probably  be  expected  of  them  that  the} 
should  condense  the  final  expression  of  their  opinions  into  a  form  sufficiently 
concise  to  be  comprehended  at  a  single  view.  As  the  succinct  recapitula- 
tion, therefore,  of  the  conclusions  at  which  they  have  arrived,  the  committee, 
with  entire  unanimity,  concur  in  stating  the  following  propositions; 

1.  The  Amer  ican  Coast  Survey,  in  its  inception,  was  a  work  impera- 
tively demanded  by  a  due  regard  to  the  industrial  interests  of  the  country, 
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dependent,  as  they  are,  greatly  upon  the  prosperity  of  commerce  for  their 
free  development. 

2.  The  indecision  which  marked  the  early  policy  of  the  government  in 
regard  to  this  Survey,  and  the  consequent  delay  of  its  efficient  operations, 
and  postponement  of  its  beneficial  results,  were  of  manifest  disadvantage 
to  the  material  welfare  of  our  people,  and  cannot  but  be  still  subjects  of 
serious  regret. 

3.  The  economical  value  of  such  surveys  is  attested  by  the  universal 
voice  of  all  commercial  men,  and  by  the  concurrent  practice  of  all  com- 
mercial nations,  no  less  than  by  the  melancholy  records  of  marine  disaster 
annually  occurring  upon  every  unexplored  coast. 

4.  Their  scientific  value  is  witnessed,  in  the  instance  of  the  American 
survey,  by  the  spontaneous  tributes  of  approval  frequently  and  freely  be- 
stowed upon  it — no  less  in  regard  to  the  ability,  energy  and  skill  displayed 
in  its  management,  than  to  the  magnitude,  variety,  and  oftentimes  curious 
interest  of  the  results  it  has  wrought  out — by  individuals  and  organized 
bodies  of  men,  whose  high  position  as  scientific  authorities  renders  their 
opinions  upon  subjects  of  this  nature  entirely  conclusive. 

5.  This  work  has  conferred  many  valuable  benefits  upon  science,  indi- 
rectly and  incidentally,  in  the  invention  or  perfection  of  instruments,  in  the 
improvement  of  methods  of  observation  or  of  computation,  in  the  develop- 
ment which  it  has  given  to  special  subjects  of  interesting  inquiry,  and  in  the 
stimulus  which  it  has  furnished  to  the  scientific  talent  of  the  country, 
especially  in  the  field  of  astronomical  observation  and  investigation. 

6.  A  careful  study  of  the  progress  made  from  year  to  year,  especially 
since  the  enlargement  of  the  scale  of  operations  under  the  present  superin- 
tendent, affords  ample  evidence  that  the  work  has  been  expeditiously  prose- 
cuted, and  that  the  amount  accomplished  up  to  the  present  date  is  materially 
greater  than  has  ever  been  accomplished  in  any  other  country  in  the  same 
length  of  time,  and  with  the  same  means. 

7.  Compared  with  similar  surveys  executed  or  in  progress  of  execu- 
tion by  foreign  governments,  the  American  survey  has  been  conducted  with 
remarkable  economy. 

8.  Compared  with  such  foreign  surveys,  the  quality  of  the  work  done 
in  this  will  bear  the  test  of  any  standard  that  has  ever  been  anywhere  set 
up,  and  is  such  as  to  reflect  honor  on  the  scientific  character  of  our  country 
in  the  eyes  of  the  world. 

9.  Every  consideration  of  economy,  of  humanity,  and  of  regard  for 
the  reputation  of  the  country,  demands  that  the  work  should  be  prosecuted 
with  undiminished  activity,  until  every  portion  of  our  coast  shall  have  been 
as  thoroughly  explored  and  mapped  as  those  have  been  already  in  which  its 
operations  commenced. 

10.  Conclusive  reasons,  involving  other  weighty  public  interests  no 
less  than  this,  but  connected  also  with  the  project  of  verifying  in  the  hap- 
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piest  manner  the  geodesy  of  our  extended  and  circuitous  coast,  conspire  to 
render  the  triangulation  of  the  great  Appalachian  chain  of  mountains  a  most 
desirable  undertaking,  and  encourage  the  hope  that  our  government  will 
very  early  direct  that  most  important  work  to  be  executed. 

11.  The  publication  in  full  of  all  the  observations  upon  which  the  pub- 
lished results  of  the  Coast  Survey  are  founded,  together  with  the  methods 
employed  in  the  reduction  and  discussion  of  the  observations,  would  be  a 
contribution  to  science,  and  especially  to  the  science  of  geodesy,  of  inappre- 
ciable value,  besides  being  necessary  to  secure  the  records  against  loss;  and 
the  committee  earnestly  hope  that  the  government  may  not  fail  to  provide 
the  means  for  the  adequate  and  rapid  prosecution  of  this  work. 

12.  The  existing  organization  of  the  Survey,  judged  in  the  light  of  the 
experience  acquired  by  our  own  and  by  foreign  governments  in  the  manage- 
ment of  such  works,  is,  in  the  deliberate  opinion  of  the  committee,  prefer- 
able to  any  other  that  has  ever  been  suggested. 

These  propositions  have  not  been  hastily  sketched,  and  they  are  not 
lightly  thrown  out ;  but  they  are  announced  as  the  result  of  mature  reflec- 
tion and  careful  consideration.  With  their  announcement,  the  duty  of  the 
committee,  under  the  resolution  appointing  them,  is  discharged.  The  com- 
mittee cannot,  however,  forget  that  they  have  another  duty,  unprescribed 
by  any  resolution,  to  fulfil ;  which  is,  to  render  to  that  clear-sighted  and 
comprehensive  perspicacity  which  early  perceived  and  pointed  out  all  the 
benefits  which  were  to  flow  from  this  great  national  work,  the  tribute  of 
their  admiring  appreciation  ;  and  to  express,  on  behalf  of  the  Association 
which  has  charged  them  with  their  present  duty,  and  of  the  world  of 
science,  which  they  may  claim  for  the  moment  to  represent,  their  deep 
sense  of  the  obligation  which  they  feel  to  be  due  to  the  enlightened  states- 
men who,  whether  in  the  executive  branch  of  the  government,  or  in  the 
legislative  halls  of  Congress,  have  sustained  the  work  to  the  present  hour  by 
their  liberal  recommendations  or  their  able  advocacy,  and  have  labored  to 
conciliate  to  it  the  popular  favor  by  their  intelligent  and  manly  expositions 
of  its  objects  and  its  value. 

That  largeness  of  view  which  can  embrace  at  once  the  wide  area  of  the 
entire  country,  with  a  clearness  of  discernment  which  neither  sectional  prej- 
udice can  distort,  nor  local  barriers  obstruct;  that  broadness  of  philan- 
thropy which  would  not  have  even  governments  wholly  soulless,  but  would 
insist  that  the  reasonable  claims  of  imperilled  humanity,  no  less  than  the 
importunate  demands  of  sordid  interest,  should  be  listened  to  and  regarded 
in  the  halls  of  legislation ;  that  lofty  patriotism,  which  can  exult  in  its  coun- 
try's growth,  not  only  in  material  wealth  and  power,  but  in  that  intellectual 
greatness  and  grandeur  which  constitute,  after  all,  the  crowning  glory  of  a 
nation;  and  that  philosophic  view  of  the  principles  of  national  economy, 
Avhich,  distinguishing  between  the  expenditure  that  gathers  and  the  expen- 
diture that  wastes,  comprehends  without  difficulty  how  both  individuals 
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and  peoples  may  save  to  their  loss  and  bestow  to  their  great  gain — these 
eminent  and  statesmanlike  qualities,  so  often  brilliantly  manifested  at  the 
seat  of  onr  Federal  Government,  in  connection  with  the  question  of  provid- 
ing for  the  survey  of  the  coast,  are  worthy  of  the  admiration  of  all  enlight- 
ened men,  and  cannot  fail  to  win  for  their  possessors,  from  the  voluntary 
suffrage  of  an  appreciating  world  and  an  impartial  posterity,  a  fame  by  far 
more  enviable  than  could  attend  or  follow  any  political  honors  that  could  be 
heaped  upon  them. 

Such  high  qualities  still  exist  among  the  distinguished  men  who  hold  in 
their  hands  the  destinies  of  the  country;  and  though,  in  the  future,  as  in  the 
past,  the  prosecution  of  this  great  and  beneficial  public  measure  may 
encounter  opposition — as  nothing  entirely  good  in  this  world  ever  met,  or  is 
ever  likely  to  meet  with  unqualified  favor  or  undivided  support  among 
men — yet,  in  the  fact  of  their  existence,  we  may  find  a  . guaranty  of  its  con- 
tinued security  ;  and  to  their  active  exercise  we  may  look,  without  disquie- 
tude, for  its  triumphant  defence.  In  the  guardianship  of  men  so  enlightened 
in  their  views  of  policy,  and  so  liberal  in  their  tone  of  sentiment,  the  future 
of  this  great  work  cannot  be  doubtful.  To  them,  therefore,  in  whatever 
branch  of  the  government  they  may  be  found,  the  committee,  in  conclusion, 
most  cordially  commend  it;  and  as  the  authorized  organs  of  the  body  which 
they  represent,  and  in  the  name  of  the  associated  science  of  the  country, 
they  solicit  for  it  the  continuance  of  the  Executive  favor  and  Legislative 
support  which  it  has  hitherto  enjoyed. 


F.  A.  P.  BARNARD,  Chairman. 
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